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Textile  Weaving  and   Design 


CHAPTER   I 
Introductory  and  General 


Weaver  and  Designer. — Owing  its  existence  to  the  division  of  pro- 
ductive processes  into  separate  details,  machine  industry  has  hitherto 
tended  to  perpetuate  and  intensify  the  division  of  labour.  In  the  days 
of  his  craftsmanship  the  textile  weaver  was  engaged  both  mentally  and 
physically;  he  conceived  the  pattern,  fixed  the  number  of  warp  and 
weft  threads  required  to  complete  it,  the  ends  of  warp  and  picks  of 
weft  per  inch  in  the  fabric,  selected  the  weft,  healded  the  warp  accord- 
ing to  his  plan,  mounted  the  web,  and  then,  by  his  own  physical 
energy,  drove  treadles,  heddles,  shuttles,  and  slay,  weaving  the  fabric. 
Driving  the  loom  was  admittedly  a  very  heavy  burden  on  the  weaver; 
human  energy  can  never  be  regarded  as  an  economical  or  ideal  driving 
force.  We  should  think,  therefore,  that  a  loom  which  would  spare 
the  weaver  the  labour  of  driving  heddles,  shuttles,  and  slay,  ought 
to  be  regarded  as  an  aid  to  craftsmanship,  freeing  the  workman  from 
merely  physical  strain.  Industrial  development,  however,  does  not 
proceed  upon  ideal  lines.  A  Sir  Thomas  More,  a  Hertzka,  a  Bellamy, 
or  a  Wells  might  very  logically  and  beautifully  conceive  of  a  develop- 
ment of  the  textile  industry  which,  while  supplying  driving  power  to 
his  loom,  left  the  weaver  a  free,  independent,  and  skilled  craftsman — 
a  professional  gentleman,  indeed — with  manifest  benefits  to  the  social 
body  and  the  world  in  general ;  but  economic  forces  are  not  yet  under 
control,  and  operate  in  rather  jagged,  rough,  and  wasteful  ways.  The 
power  loom  came  and  broke  up  the  weaving  handicraft,  reducing  the 
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weaver  to  the  position  of  a  machine  minder;  or,  if  he  had  the  aptitude, 
gave  him  the  function  of  a  warper  and  beamer  and  nothing-  else;  a 
healder  and  drawer,  and  nothing  else;  or,  further,  a  designer,  and 
nothing  else. 

Such  specialization  has  obvious  limits,  even  under  our  present 
system.  The  overseer  of  the  weaving  department  must,  if  he  is  to  be 
efficient,  possess  a  practical  knowledge  of  all  the  separate  details 
under  his  charge.  Technical  experts  and  teachers  have  always  urged 
that  the  designer  must  be  a  practical  weaver,  though  preaching  in 
vain  for  a  generation.  Latterly  it  has  become  very  evident  to  all 
parties  that  the  lack  of  practical  experience  of  weaving  among 
designers  is  a  serious  bar  to  efficiency.  At  present,  therefore,  de- 
velopment of  the  textile  industry  has  reached  a  highly  critical  stage. 
The  designer  is  a  weaver  in  theory;  the  man  who  understands  the 
loom  thoroughly  is  the  machinist  or  loom  mechanic;  the  actual  weaver 
is  a  machine  minder.  Development  may  take  either  or  both  of  two 
directions.  On  the  one  hand,  it  is  possible  that  automatic  looms 
may  be  built  to  weave  designs  drawn  by  designers  who  have  never 
seen  a  loom  except  in  a  museum;  on  the  other  hand,  swift  and 
handy  looms  may  be  invented  which,  driven  by  a  domestic  supply 
of  electric  power,  may  enable  the  single  weaver  to  outstrip  the  factory 
in  cheapness  of  production,  and  restore  the  craftsman  weaver  to  his 
position  of  independence  and  skill. 

No  matter  what  changes  may  take  place,  the  designer  is,  and 
always  has  been,  essentially  the  weaver.  We  purpose,  therefore,  to 
regard  weaving  and  designing  as  parts  of  the  one  process,  exhibiting 
examples  of  the  principal  fabrics  in  both  stages,  and  detailing  warps, 
wefts,  drafting,  healding,  picking,  and  other  particulars  necessary  for 
weaving. 

Resources  and  Equipment  of  the  Textile  Designer. — The  duty 
of  the  textile  designer  is  to  combine  warp  and  weft  in  the  form  of 
a  fabric.  By  the  incessant  activity  of  human  intelligence  during 
long  ages  he  has  been  put  into  possession  of  vast  and  varied 
resources.  The  main  instruments  of  the  designer  are:  (a)  Natural 
and  artificial  fibres;  (b)  mechanical  appliances;  (c)  variety  and  twist 
of  thread;  {d)  pattern  design;  (e)  colour;  (/)  extra  warps  and  wefts; 
(g)  plush  and  pile  warps;    {/i)  double  cloths. 

(a)  Natural  and  Artificial  Fibres. — The  natural  and  artificial  fibres 
mostly  in  use  are:  Wool,  cotton,  thrown  and  spun  silk,  artificial  silk, 
flax,  hemp,  jute,  ramie,  mohair,  and  alpaca. 


INTRODUCTORY   AND   GENERAL  5 

{b)  Mechanical  Appliances. — The  various  forms  of  loom  and  loom 
mountings  are  a  great  boon  to  the  designer.  We  generally  find 
these:  Plain  loom,  various  forms  of  tappet,  dobby,  and  Jacquard; 
gauze,  lappet,  and  figuring  looms;  change-shuttle  and  swivel  looms; 
plush  and  various  kinds  of  carpet  looms. 

id)  Variety  and  Twist  of  Threads. — Yarns  of  varying  fineness  and 
quality,  ranging  from  the  350  count  of  cotton  and  the  finest  singles 
of  thrown  silk  to  the  coarsest  woollen  and  thickest  jute  yarns,  lie  to 
the  hand  of  the  textile  designer.  Yarns  spun  and  twisted  from  left 
to  right  or  from  right  to  left;  rough-wool  woollen  threads  and  long- 
wool  worsteds;  flax,  hemp,  ramie,  and  jute  yarns,  in  many  grades  of 
fineness;  fancy  knopped,  spiral,  curled,  and  mixed  yarns;  bleached, 
dyed,  or  printed  yarns — all  these,  in  endless  variety,  are  ready  to 
be  combined  into  fabrics. 

{d)  Pattern  Design. — The  designer  can  change  the  whole  aspect 
of  a  fibre  or  yarn  by  varying  the  method  of  combination.  The  chief 
variations  of  weave  are:  Plain,  cloth,  twills,  cords,  repps,  checks, 
stripes,  figures,  gauze,  spots,  and  combinations  of  all  these. 

{e)  Colour. — Variation  of  weave  in  one  colour  is  very  effective,  but 
the  more  artistic  method  of  producing  fine  patterns  is  by  variation  of 
colour.  The  possibilities  of  colour  variation  are  limited  only  by  the 
imagination  of  the  designer  and  the  number  of  different  colours  in 
warp  and  weft  available. 

(/")  Extra  Warps  and  Wefts. — The  use  of  extra  warps  and  wefts 
most  common  is  on  the  lappet  and  swivel  looms.  But  where  that 
form  of  variation  is  required,  the  application  is  simple.  In  both 
cases  the  designer  has  to  be  on  his  guard  lest  he  should  make  the 
figured  surface  too  heavy  or  too  loose. 

{g)  Plush  and  Pile  Warps. — The  designer  of  velvets,  terry,  and 
pile  carpets  of  all  kinds  utilizes  the  various  pile-warp  mechanisms 
which  have  been  ingeniously  devised.  In  plush  and  velvets  two 
warps — the  pile  and  ground — are  necessary;  but  carpets  may  have 
as  many  as  eight  or  nine  different  warps. 

(Ji)  Double  Cloths. — The  device  of  double  cloths  has  been  adopted 
for  several  reasons:  to  obtain  a  double  face  on  the  cloth,  to  obtain  a 
thicker  cloth  than  can  be  produced  by  merely  adding  to  the  weight  of 
the  yarns,  to  combine  strength  with  fineness  of  texture,  and  for  various 
other  purposes.  Double  cloths  range  from  double-faced,  woven  with  two 
warps  or  two  wefts,  to  heavy  double-cloth  carpets,  made  up  of  several 
warps  and  wefts  bound  together  by  binding  picks  at  varying  intervals. 
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No  single  trade  is  capable  of  utilizing  resources  so  vast  and 
varied;  therefore  the  textile  industry  has  been  divided  up  into  many- 
separate  trades,  distinguished  either  by  the  name  of  the  fibre  mostly 
employed  or  the  kind  of  fabric  produced.  Hence  we  colloquially 
refer  to  cotton,  woollen,  worsted,  silk,  linen,  jute,  ramie,  velvet,  car- 
pet, gauze,  blanket,  or  other  manufacturers,  though  it  may  be  that 
the  classification  does  not  absolutely  answer  to  the  facts.  A  silk 
manufacturer,  so  called,  may  weave  wool  and  cotton  as  well ;  in  the 
cotton  factory  silk  is  often  largely  used;  the  wool  weaver  may  manu- 
facture tapestries  and  plain  cloths. 

Though  the  textile  industry  has  thus  been  spread  over  a  wide 
range,  the  principles  of  textile  design  are  invariable.  The  basis  of 
all  fabrics  is  the  proper  combination  of  warp  and  weft;  we  must  first 
of  all  make  a  sound  cloth.  Having  been  thoroughly  grounded  in 
the  root  principles,  the  weaver,  or  designer,  may  safely  venture 
anywhere. 

Designer's  Paper. — Textile  designs  are  first  drawn  upon  what  is 
variously  named  designer's^  pointed^  or  squared  paper  (see  Plate).  This 
paper  is  made  in  many  sizes  and  colours.  Lines  are  drawn  horizontally 
and  vertically  upon  the  paper  in  the  form  of  squares.  Each  square 
read  horizontally  represents  a  thread  of  weft,  and  read  vertically  the 
squares  represent  warp  threads.  Each  pair  of  lines,  therefore,  is 
supposed  to  enclose  a  thread.  It  is  an  axiom  that  no  two  things 
can  occupy  the  same  space  at  the  same  time;  if,  therefore,  we  suppose 
the  double  vertical  lines  to  represent  warp  threads,  no  room  is  left 
for  the  weft  threads  on  the  surface.  But  the  latter  are  always  present, 
whether  we  see  them  or  not,  and  resort  is  made  to  a  conventional 
fiction,  which  premises  that,  if  we  choose  to  regard  the  lines  of 
squares  horizontally,  they  are  weft,  and  read  vertically  they  are 
warp.  To  distinguish  the  one  class  of  threads  from  the  other,  we 
regard  the  warp  as  black  and  the  weft  as  white;  those  points  where 
the  warp  appears  on  the  surface  are  blackened,  and  form  black  squares ; 
white  squares  represent  the  flushing  of  weft.  Alternatively,  the  weft 
may  be  taken  as  black  and  the  warp  white.  This  is  specially  advisable 
in  warp-flushed  twills. 

Sheets  of  pointed  paper  are  usually  divided  up  into  sections  by 
large  squares  marked  off  in  heavy  lines,  the  vertical  lines  enclosing 
just  as  many  warp  threads  as  complete  the  pattern,  and  the  horizontal 
lines  performing  the  same  act  in  regard  to  weft.  We  can  buy  pointed 
papers  lined  to  divide  the  whole  into  squares  containing  4  by  4,  5  by  4 
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small  squares,  or  threads  of  warp  and  weft,  8  by  12,  10  by  10,  8  by  16, 
12  by  12,  12  by  8,  16  by  16,  these  numbers  comprising  the  picks  and 
ends  required  to  complete  the  patterns  most  common.  In  general, 
the  large  square  may  be  taken  as  the  division  containing  a  complete 
pattern  or  a  section  of  an  elaborate  pattern,  or  a  multiple  of  some  very 
simple  pattern.  Some  expert  designers  prefer  plain  point  paper, 
upon  which  they  mark  the  boundaries  of  each  completed  design;  one 
kind  of  paper  serves  them  for  all  purposes. 

The  large  square  may  serve  to  give  a  picture  of  the  completed 
pattern;  it  is  also  useful  for  other  objects.  The  vertical  set  of  small 
squares  contained  within  the  large  one  represents  all  the  actions  of 
one  shaft  in  the  dobby  for  each  repeat  of  the  pattern,  and  a  needle 
in  the  Jacquard.  On  the  other  hand,  a  horizontal  set  of  squares 
exhibits  the  pegging  of  a  lag  in  the  dobby  and  perforations  of  a 
single  card  in  the  Jacquard.  "The  most  important  purpose  of  the 
large  squares  is  to  divide  the  design  into  vertical  sections  corre- 
sponding in  size,  or,  in  the  case  of  small  squares,  to  the  number  of 
hooks  in  the  short  rows  of  the  Jacquard.  They  are  essential  to  the 
work  of  the  card  cutter." 

Coloured  designs  are  fully  sketched  in  colours,  and  then  trans- 
ferred on  to  pointed  paper.  The  idea  of  the  sketch  is  to  show,  as 
nearly  as  possible,  how  the  design  will  appear  when  woven.  When 
put  down  on  pointed  paper,  the  appearance  of  the  design  is  some- 
what impaired,  even  if,  as  often  happens,  it  is  copied  in  all  the 
colours.  The  simpler  and  less  expensive  method  is  to  mark  the 
colours  at  the  end  of  each  vertical  and  horizontal  line. 

Limits  of  Textile  Design. — The  textile  designer  works  with  threads 
of  a  definite  thickness,  and  every  flush  of  either  warp  or  weft  is  the 
size  of  the  square  of  the  diameter  of  the  thread.  This  precludes  the 
fine  delicacy  of  shading  from  colour  to  colour  which  the  picture  painter 
can  accomplish.  Weaving  is  not  picture  making,  and  never  can  be. 
All  attempts  to  reproduce  paintings  in  woven  cloth  have  resulted  in 
failure.  Woven  pictures  may  be  accepted  as  highly  interesting  and 
ingenious,  but  can  have  no  place  in  pictorial  art.  Colour  harmonies, 
and  suggestions  of  natural  or  ideal  forms,  afford  the  weaving  designer 
ample  scope  for  the  exercise  of  his  skill  and  taste.  Because  of  the 
almost  imperceptible  fineness  of  the  threads  with  which  they  work, 
weavers  of  silks  and  silk  velvets  have  frequently  touched  closely  on 
pictorial  perfection ;  but  the  atmospheric  effect  has  always  been  want- 
ing.     It   is  better  to  produce  a  fine  cloth  pattern,   delightful   to  the 
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eye,  and  satisfying  to  the  mind,  than  to  make  a  deceptive  imitation 
of  a  picture. 

Designers  of  silks,  fancy  cottons,  and  carpets  are  more  subject  than 
any  others  to  temptations  from  the  false  taste  which  transgresses  the 
limits  set  by  the  nature  of  textile  materials.  We  are  aware  that 
novelty  is  profitable  when  it  hits  the  popular  fancy,  and  that  pro- 
gress is  achieved  by  dissent  from  traditional  practices;  but  conven- 
tions based  on  the  nature  of  things  are  entitled  to  respect,  if  not 
reverence. 
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CHAPTER   II 
Plain-cloth  Design 

Designing  of  Plain  Cloth. — Plain  cloth  is  woven  by  two  movements 

of  the  warp  and  two  shots  or  picks  of  weft.     The  warp  is  shed  in  two 

equal    parts,  threads    i,  3,  5,   7,  and    so  on,  being 

lifted,  and  threads  2,  4,  6,  8,  &c.,  depressed;  through 

this   shed   a  weft   thread    is   shot;    next,   the   lifted 

threads    are   sunk  and    the   depressed    threads   are 

lifted ;  another  shot  of  weft  is  passed  through.     By 

these  motions  each  weft  thread  is  passed  over  every 

odd-numbered  warp  thread  and  under  every  even- 

^^^^''P  numbered  thread,  in  the  first  instance;  in  the  second 

^'^  ^^dTsT' n "  '^'"'^  instance,  the  weft  thread  passes  over  the  warp  ends 

it  first  passed  under  and  under  those  it  passed  over. 

In  technical  phrase,  four  threads  complete  the  pattern,  two  picks  of 

weft  and  two  warp  ends.     Put  on  pointed  paper  (fig.  353)  the  design 

would  show,  in  one  line,  say,  a  black  square  first  and  a  white  square 

second,  if  the  warp  flushed  odd-numbered  threads  to  begin  with;    in 

the  next  line  a  white  square  would  show  first,  because  the  weft  flushes 

over  the  odd  warp  threads,   and   the  black  square  would   adjoin  the 

white  square.     When  weaving  strictly  plain  cloth,  it  does  not  matter 

which  set  of  warp  threads  you  begin  with.     You  may  start  by  flushing 

No.  I  thread  or  No.  2  thread  of  warp;    but  whichever  you  start  with, 

you  must  follow  immediately  with  the  opposite  set. 

The  alternate  crossing  of  every  warp  thread  with  a  weft  thread 
binds  the  whole  of  the  warp  and  every  pick  of  weft  firmly  into  a 
solid  unity.  Warp  and  weft  are  interlocked  by  intimate  combination. 
The  effect  on  the  surface  of  the  cloth  is  that  warp  and  weft  appear 
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alternately  transversely  and  longitudinally.  A  plain  cloth  magnified 
should,  if  properly  woven,  show  equal  squares  formed  by  the  crossed 
threads  (fig.  354).  Very  probably  it  was  the  appearance  of  plain  cloth 
under  the  glass  which  suggested  the  invention  of  pointed  paper. 

Variation  on  Plain  Weave. — The  simple  intercrossing  of  warp  with 
weft  does  not  seem  to  offer  much  scope  for  variation ; 
but  some  variety  is  possible.  We  do  not 
refer  to  coloured  yarns,  for  that  belongs 
to  a  far-advanced  stage  of  design.  A 
strictly  plain  weave  implies  that  the  yarn 
Fig.  354.-com-  employed    is    lightly   twisted,    the   twist 

bination    of    Plain     •  ^,.       r      •  •  11  j 

Warp  and  Weft  mtertermg  m  as  small  a  degree  as  pos- 
sible with  the  lie  of  the  threads.  But 
suppose  a  heavily  twisted  warp  and  weft,  what  then?  The  first  effect 
would  be  to  make  an  opener  cloth,  the  interstices  at  the  crossings  of  the 
yarns  being  widened  by  the  hard  edges  presented  by  the  twist  (fig.  355). 
Suppose,  further,  that  for  twenty  shots  we  employ  a  weft  hard  twisted 
from  right  to  left,  and  for 


Fig.  355. — Effect  of 
Opposed  Twist 


the  next  twenty  shots  use 
a  weft  oppositely  twisted, 
some  effect  would  be  pro- 
duced. In  very  fine  yarns  or 
small  alterations  the  effect 
would  be  practically  imper- 
ceptible; but  the  appear- 
ance of  a  heavy  worsted, 
for  example,  would  be 
totally  changed  (fig.  356). 
Carry  this  idea  a  step 
further,  and  adopt  a  vari- 
ation in  the  kind  of  yarn 
woven  as  weft.  Examine 
a  strictly  plain  cloth,  in 
which  warp  and  weft  are 
equally  balanced,  and  note 
that  they  form  at  crossing 

small  protuberances,  because  the  one  bends  over  the  other.  Suppose, 
however,  a  weft  lighter  by  several  counts  than  the  warp  is  used,  the 
light  weft,  being  incapable  of  bending  the  warp,  always  bends;  the 
consequence  is  a  smooth-faced  cloth,  the  whole  surface  being  level. 
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-Pattern  Effects  produced  by  Light  and  Heavy  Wefts 
and  Warps 


A,  Light  warp  and  weft. 


B,  Heavy  weft  and  light  \\'arp. 
warp  and  weft 


c,  Heavy 
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Still  greater  differences  can  be  produced  by  the  introduction  of 
wefts  of  varied  character  and  fibre.  This  aspect  of  the  subject,  how- 
ever, belongs  rather  to  fancy  weaving. 

Repps  or  Cords. — A  variation  of  plain  weaving  is  the  production  of 


Fig.  357. — Plain  Two-shot  Rib  Weave 

repps  or  cords.  At  least,  the  method  can  hardly  be  referred  to  under 
any  other  head.  If,  instead  of  crossing  the  warp  over  every  pick,  we 
lay  two  or  more  picks  in  the  shed  and  then  cross,  the  result  will  be  a 
kind  of  straight-cord  effect  (fig.  357).  Because  the  warp  threads  bend 
round  the  accumulated  weft,  they  interpose  between  it  and  the  next  pick, 
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Fig.  358. — Four-harness  Rib  Weave,  showing  effect  of  two  warp  threads  to  one  weft  pick 

making  a  clear  gap  which  no  beating  up  can  overcome.  So  the  close 
picks  form  transverse  cords  across  the  web.  The  same  effect  is  pro- 
duced if  the  warp  threads  are  woven  two  to  each  pick  of  weft  (fig.  358). 
Cords  running  the  length  of  the  web  are  made  by  healding  several 
warp  threads  as  one,  and  weaving  plain. 
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Healding  Plans  of  Plain  Cloth. — It  is  obviously  possible  to  weave 
a  plain  cloth  with  one  pair  of  heald  shafts.  The  healding  in  that  case 
is  very  simple;  through  the  first  heald  on  shaft  i  pass  thread  i; 
through  the  first  heald  on  shaft  2  pass  warp  thread  2 ;  continue  passing 
alternate  warp  threads  through  the  healds  on  each  shaft,  and  the  thing 
is  done.  But  it  is  very  seldom  a  fine  cloth  is  woven  with  only  one  pair 
of  heald  shafts.  A  cloth  containing  100  warp  threads  to  the  inch, 
operated  on  two  heald  shafts,  would  require  healds  knitted  as  close  as 
50  heald  cords  to  the  inch.  We  have  healds  even  closer;  but  closeness 
is  inconvenient,  and  when  possible  should  be  avoided.  The  common 
practice  is  to  employ  four  heald  shafts  in  weaving  fine  plain  cloths. 
For  some  reasons  weavers  may  choose  to  make  the  two  front  and  the 
two  back  heald  shafts  act  together,  but  the  plan  which  ordinarily  serves 
is  the  pairing  of  heald  shafts  i  and  3  and  shafts  2  and  4.     Through 
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Fig.  359. — Healding  of  Plain  Cloth 

the  healds  on  shafts  i  and  3  draw  threads  i  and  3,  5  and  7,  9  and 
II  successively;  similarly,  the  even-numbered  threads  of  warp  are 
drawn  through  the  healds  on  shafts  2  and  4  (fig.  359).  This  gives 
a  straight  gate,  room  for  the  warp  to  work,  and  an  easy  treading 
plan. 

Relations  of  Heald  Shafts  and  Sley. — Weavers  often  speak  as  if  the 
number  of  healds  per  inch  on  the  shafts  depended  upon  the  count  of  the 
reed  or  sley,  and  the  number  of  threads  passed  through  each  dent.  An 
equally  determining  factor,  however,  is  the  number  of  warp  threads 
per  inch  in  the  cloth,  and  the  number  of  threads  of  the  pattern  which 
a  heald  shaft  carries.  For  example,  take  a  plain  cloth  containing  92 
warp  threads  to  the  inch.  Healded  on  two  shafts,  this  requires  46 
healds  to  the  inch  on  both  shafts,  and  two  threads  through  each  dent 
in  the  sley.  By  employing  four  shafts  we  only  require  23  healds  to  the 
inch  on  each  shaft.  All  the  healds  taken  together  must  not  occupy  a 
wider  space  than  46  to  the  inch,  which  is  the  size  of  the  reed;  but  the 
healds  on  the  second  shaft  are  opposite  the  openings  between  the 
healds  on  the  first  shaft  at  one  side,  and  the  third  and  fourth  shafts 
similarly  disposed,  filling  up  the  total  inch  space.     In  weaves  other 
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than  plain  the  problems  become  more  complex,  but  the  general  prin- 
ciple stands  all  through.  One  alternative  remains,  however,  for  the 
weaver.  He  may  choose  a  coarse  reed,  and  sley  the  warp  three,  four, 
or  five  threads  to  the  dent.  If  four  threads  are  to  be  sleyed  as  one  in 
the  example  given,  then  the  reed  would  be  count  23,  having  23  dents  to 
the  inch.  In  this  case  the  healds  and  dents  would  exactly  correspond 
in  every  respect. 

Number  of  Threads  per  Inch. — In  designing  a  cloth  the  weaver 
has  many  factors  to  take  into  account.  He  has  to  find  how  many 
threads  of  a  given  yarn  will  go  into  an  inch,  the  weight  of  a  given 
warp  or  weft,  the  effects  of  crossing  on  warp  and  weft,  and  the  losses 
in  weight  from  working,  in  length  and  breadth  from  finishing,  and 
other  problems.  No  cloth  can  be  woven  intelligently  without  an 
understanding  of  the  relations  which  all  those  factors  bear  to  each 
other.  Plain  cloth  contains  the  simplest  examples,  but  it  also  exhibits 
all  the  principles  of  textile  calculation. 

Though  a  single  thread  of  yarn  is  a  slender  thing,  it  can  be  mea- 
sured; the  gradations  of  thickness  between  one  count  of  yarn  and 
another  are  very  slight,  but  require  to  be  taken  into  account.  Difficult 
as  it  seems,  we  must  obtain  a  definite  notion  of  the  relative  thick- 
nesses of  yarns,  unless  weaving  of  cloths  is  to  be  governed  by  guess. 
Rather  than  leave  a  matter  so  important  to  chance,  the  old  weavers 
laboriously  compared  yarn  with  yarn  by  purely  experimental  methods. 
This  labour  has  been  abridged  by  the  combination  of  certain  sets  of 
facts. 

Yarn  Diameters. — The  first  fact  of  use  in  the  measuring  of  yarns 
has  always  been  known  to  textile  workers.  The  weight  of  material 
composing  a  given  length  of  yarn  varies  in  inverse  proportion  to  its 
diameter.  Alternatively  the  diameter  of  a  given  weight  of  yarn  varies 
in  inverse  proportion  to  its  length.  Say  that  i  lb.  of  cotton  is  spun 
into  40  hanks,  and  that  another  i  lb.  of  the  same  cotton  is  spun  into 
80  hanks,  it  follows  that,  because  the  same  weight  of  cotton  is  spun 
out  to  twice  the  length  in  the  second  which  it  is  in  the  first,  the  latter 
must  be  greater  in  thickness  or  diameter  than  the  former. 

At  first  thought  we  should  conclude  that  a  40  s  yarn  would  be 
exactly  double  the  diameter  of  an  80  s ;  but  the  fact  is  not  so.  The 
discrepancy  between  what  actually  was  the  difference  and  what  seemed 
to  be  the  natural  difference  between  those  yarns  puzzled  weavers  for 
a  long  time,  and  the  difficulty  was  met  by  a  traditional  rule  of  thumb 
variously  explained.     It  occurred,  however,  to  a  student  of  the  subject 
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that  the  difficulty  might  be  solved  by  the  application  of  mathematics. 
The  areas  of  two  circles  of  different  diameters  do  not  differ  in  exact 
ratio  to  their  diameters.  The  rule  is:  The  areas  of  circles  hear  to  each 
other  the  sa^ne  ratio  as  the  squares  of  their  diameters.  Applying  the 
principle,  he  found  that  by  taking  the  square  root  of  the  number  of 
yards  in  i  lb.  of  any  count  of  yarn  he  obtained  the  number  of  threads 
which  would  cover  an  inch  of  space;  to  infer  the  consequence  was 
simple — the  square  roots  thus  obtained  represent  the  ratio  of  difference 
in  counts  of  yarns.  A  slight  reduction  of  the  number  yielded  by  the 
mathematical  formula  has  to  be  allowed  for  the  increase  of  yarn  bulk 
in  working,  ranging  from  15  per  cent  for  woollens,  10  per  cent  for 
worsteds,  5  to  8  per  cent  for  cottons,  down  to  about  2  per  cent  for 
thrown  silks. 

Examples:  i.   Cotton. — An  80s  cotton  contains  in  i  lb.  67,200  yd. 
To  find  the  square  root — 

67200  ( 259 

4 


45 
5 

272 
225 

509 

4700 
4581 

119 

Deducting  8  per  cent  from  259,  we  reduce  the  number  of  threads 
per  inch  to  about  237.  That  is  to  say,  a  thread  of  80s  cotton  yarn  is 
"2^  in.  in  diameter. 

Authorities  differ  considerably  as  to  the  amount  which  should  be 
deducted,  some  placing  the  percentage  for  cotton  as  high  as  10,  while 
others  put  it  at  5  per  cent.  This  makes  a  difference  of  a  few  threads  on 
the  inch.  In  the  example  given,  if  we  allow  10  per  cent,  we  bring  the 
total  of  threads  in  the  inch  down  to  233.  A  certain  small  margin  has 
to  be  allowed  for  the  kind  of  yarn. 

In  dealing  with  yarns  we  have  always  to  remember  that  neither  the 
fibres  spun  nor  the  art  of  spinning  is  perfect.  Taking  hank  with  hank 
in  the  same  count,  we  find  a  difference  of  from  2  to  3  per  cent,  and  the 
same  bobbin  may  give  yarns  different  by  much  greater  degrees.  Prac- 
tical workers  have  to  be  content  with  approximate  results. 

We  have  mentioned  40s  count  in  cqmparison  with  80s,  but  the 
student  may  easily  work  out  the  problem  of  finding  the  square  root  for 
himself  in  cotton.  We  take  that  count  in  worsteds  both  as  a  means  of 
saving  space  and  as  a  guide. 
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2.   Worsted, — A  40  s  count   of  worsted   gives   22,400  yd.   to   i   lb. 
Extracting  the  square  root,  we  find — 

22400  ( 149 
I 


24   1  124 

4          96 

289        2800 
1     2601 

199 

Deducting  10  per  cent  from  149,  we  obtain  nearly  135.  That  is  to 
say,  a  worsted  thread  of  40  s  count  is  y^  in.  in  diameter. 

3.  IVoolleJis. — Taking  the  Yorkshire  skein  of  256  yd.  as  the  unit, 
we  find  that  a  30  s  count  will  give  7680  yd.  Extracting  the  square  root, 
we  have — 

7680(87.6 
64 


167 
7 


1280 
1169 


1746  j     moo 
624 

Taking  16  per  cent  off,  the  number  of  woollen  threads  of  30  s  skein 
to  the  inch  will  be  about  74,  the  diameter  of  the  thread  being  therefore 
^in. 

4.  Linen. — The  unit  of  linen  counts  is  generally  the  lea  of  300  yd. 
This,  on  a  60s  count,  gives  18,000  yd.  in  i  lb.  Extract  the  square 
root — 

18000  ( 134 
I 


80 
69 


264       I 100 
io:;6 


44 

Some  workers  deduct  10  per  cent  for  linen ;  but  we  think  the  nature 
of  the  thread  hardly  requires  so  large  a  percentage.  Six  per  cent  meets 
most  cases.  Taking  6  per  cent  off  134,  we  obtain  126.  A  linen  thread 
of  60  s  counts  is  therefore  ^4-^  in.  in  diameter. 

5.  Jute. — Some  systems  of  counts  make  the  lowest  numbers  the 
finest  by  starting  with  the  maximum  number  of  yards  which  can  be 
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spun  into  a  pound.  The  method  of  calculating  the  thickness  of  a 
thread  is  therefore  reversed.  The  unit  of  jute  measurement,  for 
example,  is  the  spyndle  of  14,400  yd.,  and  the  weight  unit  is  i  lb. 
No.  I  count  of  jute  is  therefore  14,400  yd.  No.  3,  or  3  lb.,  is  4800  yd. 
No  matter  what  the  method  of  calculation,  or  the  units  of  measurement 
and  weight  may  be,  the  diameter  of  the  thread  is  only  to  be  discovered 
by  finding  the  number  of  yards  in  i  lb.  Extracting  the  square  root  of 
I  s  count,  we  obviously  get  120  as  the  answer.  Deducting  10  per  cent, 
we  find  that  108  threads  of  i  s  jute  will  go  into  an  inch  of  space;  there- 
fore the  diameter  is  3-^  in. 

As  jute  is  a  very  coarse  yarn,  we  may  even  require  to  allow  a  larger 
percentage  in  the  higher  counts  to  find  the  exact  diameter;  but  the 
principle  is  all  that  we  at  present  seek  to  demonstrate. 

6.  Silk. — Being  a  very  fine  and  light  yarn,  raw  silk  is  counted  by 
the  grain,  denier,  and  ounce.  In  this  country  the  common  unit  of 
weight  is  the  ounce,  and  the  length  unit  1000  yd.  No.  i  of  silk, 
according  to  this  system,  is  that  yarn  1000  yd.  of  which  weighs  i  oz. ; 
No.  2  is  2000  yd.,  and  so  on  per  ounce.  By  this  reckoning  No.  i  count 
of  silk  contains  16,000  yd.  in  i  lb.  To  find  the  diameter  of  the  lowest 
count  of  silk  extract  the  square  root — 

16000  ( 126 
I 

22     I    60 

2     I    44 


246 


1600 
124 


We  do  not  find,  however,  that  126  silk  threads  of  No.  i  count  lie  in 
the  space  of  i  in.,  and  therefore  a  small  deduction  is  necessary,  say  2  or 
3  per  cent.     This  shows  a  diameter  of  about  y^-g-  in. 

Ramie,  spun  and  artificial  silks,  and  many  mixtures  are  measured 
according  to  the  cotton  system  of  counts.  In  all  these  the  rule  is 
simply  applied.  Multiply  840  by  the  count  number,  and  extract  the 
square  root. 

Limit  of  Threads  per  Inch  in  Cloth. — The  discovery  of  the  exact 
diameters  of  the  various  yarns  enables  the  designer  to  see  at  once  what 
counts  of  yarn  are  available  for  a  particular  weave  or  weight  of  cloth. 
If  every  thread  has  a  part  in  the  pattern  which  looks  best  with  80 
threads  to  the  inch,  a  yarn  giving  only  75  threads  in  space  would  not 
serve.     At  this  point  it  is  necessary  to  be  strictly  precise.     We  do  not 
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say  that  it  is  impossible  to  get  threads  ^V  '"•  ^^  diameter  into  a  cloth 
weaving  90  threads  to  the  inch.  On  the  contrary,  if  the  cloth  is  to  be 
of  normal  thickness,  that  feat  must  be  accomplished.  We  have  in 
hand  at  present  strictly  plain  cloth,  however — cloth  in  which  every 
thread  of  warp  and  weft  has  its  own  place  and  value.  In  such  cloths 
there  is  a  definite  limit  to  the  number  of  threads  of  a  given  diameter 
which  can  be  woven.  The  steps  by  which  that  limit  is  defined  are 
narrow,  and  must  be  carefully  observed. 

Effect  of  Interweaving  of  Warp  and  Weft. — In  the  plain  cloth 
under  examination  every  thread  intersects  with  every  other;  a  warp 
thread  intervenes  between  each  pair  of  weft  threads,  and  weft  plaits 
between  each  pair  of  warp  threads.  On  the  face  of  it,  we  should  think 
that  the  sum  of  the  diameters  of  the  threads  taken  together  divided  by 
the  number  of  intersections  per  inch  would  give  the  number  of  threads 
occupying  that  space.  Take  a  cloth  woven  of  warp  and  weft  equal  in 
size.  The  diameter  of  a  30  s  woollen  is  -^  in.  Upon  the  supposition 
put  forth  it  would  seem  that  the  limit  of  picks  per  inch  in  that  cloth  is 
i8|,  with  i8|  warp  threads.  Warp  and  weft  alternate  on  every  side, 
and  the  total  available  threads  is  75  per  inch ;  therefore  it  would  seem 
that  the  limit  is  37. 

Let  us  try  another  set  of  threads  before  entering  on  further  exami- 
nation. We  elect  to  use  40  s  worsted  for  weft  instead  of  30  s  woollen. 
As  the  weft  is  only  y^  in.  in  diameter,  the  spaces  between  the  warp 
threads  are  appreciably  lessened.  We  find,  in  fact,  that  52  threads 
per  inch  can  be  got  into  that  cloth.  But  there  must  be  a  flaw  in  our 
argument  somewhere,  because  practical  experience  shows  that  far  more 
threads  per  inch  than  either  case  shows  can  be  woven. 

The  Bend  of  Woven  Threads. — A  cloth  is  not  composed  of  threads 
laid  alongside  each  other;  it  is  two  threads  in  thickness.  If  a  warp 
thread  flushes  on  the  surface,  a  weft  thread  shows  on  the  under  side. 
The  two  bend  round  each  other.  When  weft  and  warp  are  equal  they 
yield  equally.  According  to  experience,  the  bend  of  both  is  equal  to 
half  their  diameters.  If  two  threads  of  equal  diameter  yield  to  each 
other  to  half  their  thickness,  it  follows  that  the  two  occupy  precisely 
the  same  space  laterally  as  the  diameter  of  one.  Hence  we  return  to 
our  first  idea,  viz.  that  the  diameters  of  threads  do  actually  condition  the 
number  of  them  which  can  be  woven  in  a  given  space. 

Sometimes  students  are  apt  to  be  confused  between  weft  picks,  warp 
ends,  and  threads.  By  threads  we  mean  the  total  number  of  yarns 
woven,  by  warp  ends  the  number  of  warp  threads  is  meant,  and  weft 
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picks  denote  the  number  of  weft  threads.  The  number  of  picks  per 
inch  is  quite  different  from  the  number  of  threads,  which  also  includes 
warp  ends.  Say  that  a  weft  is  ytt  i"*  in  diameter,  it  does  not  follow 
that  175  picks  of  weft  can  be  put  in  a  plain  cloth  per  inch.  The  warp 
alternates  with  each  pick  of  weft,  and  if  both  were  equal  that  would 
mean  350  threads  per  inch  of  cloth — an  obviously  impossible  number. 

Another  problem  occurs.  If,  instead  of  equal  warp  and  weft,  we 
employ  a  heavy  warp  and  a  light  weft,  what  then?  In  the  nature  of 
yarns,  unless  otherwise  corrected  by  finishing,  the  light  bends  to  the 
heavy.  This  alters  in  nothing  the  principle  for  which  we  have  been 
arguing.  The  total  angle  of  curvature  is  the  same,  whether  shared 
equally  or  imposed  to  a  larger  degree  upon  the  one  than  upon  the 
other. 

Take-up  of  Yarns  in  Cloths. — Pulling  a  thread  from  a  piece  of 
woven  cloth,  we  see  that  it  is  crinkled  into  a  wavy  form ;  in  so  far  as 
the  thread  has  been  bent  from  the  straight  line,  so  much  greater  has 
been  the  consumption  of  yarn  than  is  represented  by  the  number  of 
threads  per  inch.  The  rule  is:  J^md  the  altitude  of  the  angle  made  by 
the  bend  of  either  yam  and  the  number  of  intersections  per  inch,  then  add 
on  the  result  to  the  number  of  threads  per  inch  in  terms  of  the  thread 
diameter.  If  yarns  equal  in  diameter  bend  each  other  to  exactly  half 
their  diameters,  the  combined  bend  is  equivalent  to  a  whole  diameter; 
therefore  the  parts  of  the  whole  diameter  may  be  taken  up  by  each 
thread  according  to  its  relative  bulk. 

Weight  as  a  Factor  in  Cloth  Calculations. — Excepting  as  a  guide 
to  the  number  of  ends  per  inch  which  may  be  woven  of  yarn  counts, 
most  practical  weavers  do  not  employ  calculations  based  upon  the 
diameters  of  yarns.  The  factors  they  prefer  are  weight  and  length. 
But  it  is  also  possible  to  combine  all  the  factors;  indeed,  the  whole 
subject  cannot  be  mastered  otherwise.  For  example,  we  find  that,  as 
the  diameter  of  a  yarn  is  the  square  root  of  the  number  of  yards  in 
I  lb.,  the  converse  must  also  be  the  case,  and  the  fractions  of  lengths 
converted  into  terms  of  weight.  The  ratios  in  weights  as  well  as  in 
diameters  are  determined  by  the  square  roots.  Given  that  16  yd.  of 
16  s  yarn  equals  25  yd.  of  25  s  worsted,  it  follows  that,  as  4  is  to  5, 
so  is  the  weight  of  the  25  s  count  to  the  16  s. 

Combination  of  Factors. — The  usefulness  of  the  rules  briefly  stated 
may  be  shown  by  a  few  experiments.  For  instance,  we  have  a  cloth 
made  with  67  ends  per  inch  of  2/30  s  worsted,  and  a  cloth  one-eighth 
heavier  is  desired.     As  the  square  of  8  is  to  15,  so  the  square  of  9  will 

Vol.  VI.  115 


i8  TEXTILE    WEAVING   AND    DESIGN 

be  to  the  counts  desired.  Multiplying  the  present  counts,  15  by  8,  and 
dividing  by  the  desired  weight,  9,  we  obtain  11.85,  or  practically  12  s, 
which  is  the  yarn  required,  viz.  2/24  s. 

This  heavier  yarn  must  be  of  greater  diameter  than  the  lighter  one, 
and  the  question  is  how  much?  We  want  to  know  how  many  threads 
per  inch  have  to  be  employed.  Here  the  principle  of  comparing  the 
square  roots  of  the  dimensions  of  yarns  comes  into  play.  The  number 
of  threads  will  be  in  ratio  as  the  square  root  of  15  is  to  the  square  root 
of  12.  Therefore,  multiply  the  square  of  67  by  12  and  divide  by  15. 
The  result,  omitting  fractions,  is  59,  which  is  the  number  of  threads 
per  inch. 

A  Rule-of-thumb  Method. — Practical  men  dislike  arithmetical  and 
mathematical  methods,  partly  because  the  average  training  in  arith- 
metic is  seldom  sufficiently  thorough  to  give  confidence  in  his  calcu- 
lations to  the  average  man,  and  partly  because  the  method  has  an 
airy,  unpractical  look.  Another  fact  is,  that  the  theorists  have  been 
uniformly  wrong  when  they  have  contradicted  practices  handed  down 
through  the  textile  industry  by  tradition,  and  from  one  generation  to 
another.  Nowhere  have  the  attempts  to  apply  science  to  industrial 
operations  failed  so  wofully  as  in  the  cloth  factory. 

Weavers  have  small  cards  which  they  apply  to  patterns  for  the 
purpose  of  measuring  the  size  of  cloth  suitable  for  weighing  the 
threads.  The  cards  are  in  sets,  one  size  to  each  width  of  web  and 
length  of  pattern.  The  principle  of  this  practice  is  really  based  upon 
facts  demonstrable  by  science,  though  the  originators  of  the  idea  very 
probably  discovered  it  by  mere  empirical  experiment,  and  the  present 
practitioners  of  the  method  scarcely  concern  themselves  about  science. 
The  cards  represent  the  unit  of  square  inches  into  which  the  breadth 
of  the  web  can  be  resolved.  Having  determined  the  size  of  his  card, 
the  number  of  square  inches  it  contains,  and  its  relation  to  the  total 
area  of  i  yd.  of  the  web,  the  weaver  cuts  from  the  cloth  a  piece  the 
exact  size  of  the  card  and  weighs  it.  Multiplying  the  weight  of  the 
piece  by  the  number  of  times  it  will  go  into  i  yd.  of  the  web,  he  finds 
the  weight  required. 

The  scientific  basis  of  this  old  practice  seems  to  be  demon- 
strable in  the  following  way:  Find  the  number  of  square  inches  in 
a  piece  of  the  web  37  in.  long  by  multiplying  the  breadth  with  the 
length.  Divide  the  result  by  the  number  of  grains  in  i  oz.,  and 
the  figure  will  be  the  unit  of  square  inches.  Weighing  a  piece  of 
cloth  the  size  of  the  ascertained  unit,  no  matter  what  its  shape  may 
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be,    the    number  of   grains   contained   will   represent   the   number   of 
ounces  per  yard  of  the  whole  web. 

Example:  Suppose  a  web  50  in.  broad.  Multiply  the  breadth,  50, 
by  the  length,  37,  and  divide  by  the  number  of  grains  in  i  oz., 
437 J,  the  result  being  4.73,  which  is  the  unit  of  square  inches.  Cut 
from  the  web  a  piece  of  cloth  i  in.  by  4.73  in.,  and  weigh.  The 
weight  of  the  piece  in  grains  will  give  the  weight  of  the  yard  in 
ounces. 

Weaving  Plain  Cloths. — According  to  all  our  reasonings,  it  ought 
to  be  possible  to  present  a  formula  for  every  step  in  the  process  of 
preparing  the  web  and  weaving  the  cloth.  Unfortunately  two  incal- 
culable factors  enter  into  every  step ;  the  one  is  the  nature  of  spun 
yarns,  and  the  other  is  the  variability  of  even  the  best  weaving 
machines.  Because  of  these,  discrepancies  occur  in  all  our  calcula- 
tions; based  on  one  set  of  circumstances,  we  find  another  set  of  con- 
ditions confronting  us  when  we  proceed  to  apply  the  formula.  A 
certain  count  gives  so  many  threads  to  the  inch,  according  to  the 
scientific  theory,  and  in  actual  fact  the  threads  are  so  thick  no  earthly 
power  could  bring  them  within  compass  of  the  measurement,  or,  alter- 
natively, they  are  so  thin  that  4  or  5  per  cent  might  easily  be  added. 
Tensions  of  warp  and  weft  vary  in  the  loom,  according  to  adjustment 
or  to  atmospheric  conditions.  These  discouragements  notwithstand- 
ing, the  scientific  study  of  weaving  is  more  than  justified.  Year  by 
year  additions  to  the  weaving  theory  are  being  made,  constant  factors 
more  accurately  valued  and  inconstants  discounted.  On  the  old  system, 
for  instance,  we  simply  take  the  diameter  of  the  yarn  as  the  measure  ot 
threads  per  inch  in  plain  weave.  This  does  not  give  perfect  results, 
allowing  neither  for  an  easily  calculable  variation  in  yarn  diameters 
nor  the  differences  in  weaving  qualities  on  yarns.  For  the  present, 
however,  we  accept  the  older  and  simpler  method.  It  is  confessedly 
tentative,  but  clearly  shows  the  principle.  We  therefore  work  out 
examples  as  follows: — 

(a)  Calico. — To  weave  a  plain  calico,  32  in.  broad,  120  yd.  long,  in 
the  loom,  of  2/40 s  equal  warp  and  weft,  required  to  find: 

1.  Threads  to  the  Inch. — The  diameter  of  2/40 s  cotton  is  ^i-s  i^^- 
Warp  and  weft  have  each  59  threads  to  the  inch. 

2.  Number  of  Warp  Ends. — Multiply  the  breadth  of  the  web  in 
inches  by  the  number  of  threads  to  the  inch.  59  X  32  =  1888  =  warp 
ends  in  the  web. 

3.  Length  of  Warp  Chain. — Warp  and  weft  are  equal;  therefore  the 
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angles  at  which  they  bend  round  each  other  are  equal.  A  length  of 
warp  equal  to  the  diameter  of  a  thread  is  taken  up  every  four  picks. 
The  warp  must  therefore  be  one -eighth  longer  than  the  cloth  to  be 
produced.  Length  of  cloth,  120  yd.;  one-eighth  of  120  equals  15;  120 
4-  15  =  135  yd.,  the  length  of  warp. 

4.  Weight  of  Warp. — The  rule  for  finding  weight  of  warp  is: 
Multiply  the  total  number  of  threads  in  the  warp  by  the  length  of 
the  warp,  and  divide  by  the  number  of  yards  in  i  lb.  Therefore,  135 
X    1888   ^   20   X   840  =    15  lb.  3  oz. 

5.  Weight  of  Weft. — Multiply  the  width  of  the  fabric  by  the  number 
of  picks  per  inch,  and  multiply  by  the  length  of  the  warp  in  yards; 
divide  the  total  by  the  number  of  yards  of  the  weft  in  i  lb.  Thus, 
59   X   32   X    135  -f   20   X   840  =    i5i  lb. 

6.  Count  of  Reed. — The  ideal  sleying  for  a  plain  weave  is  2  threads 
to  a  dent.  As  there  are  59  threads  to  the  inch,  a  30  s  reed,  with  30  dents 
to  the  inch,  is  required. 

7.  Count  of  Healds, — If  one  pair  of  heald  shafts  is  employed,  the 
counts  of  heald  shafts  and  reed  are  the  same ;  but  with  four  heald  shafts 

15  mails  to  the  inch  on  each  shaft  will  suffice. 

Summary 
Warp  and  weft 
Warp  ends 
Warp  weight... 
Weft 

Count  of  reed 
Count  of  heald 

ih)  Woollen. — The  fulling  of  woollen  cloths  is  a  finishing  process; 
but  the  degree  of  shrinking  aimed  at  by  the  manufacturer  affects  to 
a  considerable  extent  the  setting  of  the  web.  Some  weavers  put  the 
warp  and  weft  loosely  together  on  the  loom,  and  rely  on  the  milling, 
or  fulling,  to  bring  the  cloth  to  the  consistency  desired.  Others  weave 
closely,  and  mill  very  lightly.  Which  practice  is  the  better,  we  do 
not  undertake  to  judge ;  each  case  must  be  allowed  to  stand  by  itself. 
Choosing  the  mean  between  the  two  extremes,  we  should  fix  as  a 
standard  an  allowance  of  15  per  cent  for  shrinkage.  Weaving  a 
narrow  cloth  on  that  basis,  we  should  require  a  web  33  in.  broad  on 
the  loom,  the  standard  narrow  cloth  being  28  in.  broad.  On  this  basis 
we  require  a  warp  69  yd.  long,  plus  the  amount  taken  up  in  weaving, 
to  weave  a  cloth  60  yd.  in  length. 

Suppose  we  undertake  to  weave  a  cloth,  equal  in  warp  and  weft,  of 
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20  s  woollen  yarn,  giving  60  threads  to  the  inch.  It  must  be  noted, 
however,  that  in  the  case  of  woollens  the  diameter  of  the  yarn  repre- 
sents only  the  maximum  number  of  threads  which  can  be  woven  into 
an  inch  of  cloth,  and  not  the  practical  weaving  standard  at  all.  The 
weaver,  therefore,  fixes  the  number  of  threads  to  the  inch  he  intends 
weaving. 

1.  Threads  to  the  Inch. — As  we  intend  felting  15  per  cent  on  a 
thread  60  to  the  inch,  it  is  unnecessary  to  weave  more  than  48  threads 
to  the  inch. 

2.  Niiinher  of  Warp  Ends. — Multiply  the  number  of  warp  threads 
to  the  inch  by  the  breadth  in  inches  of  the  web;  thus,  48  x  33  =  1584, 
the  number  of  threads  in  the  warp. 

3.  Length  of  Warp. — Warp  and  weft  are  equally  balanced ;  there- 
fore the  bend  of  the  warp  upon  weft  is  half  the  diameter  of  the  thread, 
which  entails  that  a  length  equal  to  the  diameter  is  taken  up  every  four 
picks.  By  our  mathematical  formulae  we  are  bound  to  allow  one-tenth 
the  total  length  of  the  cloth,  which,  by  supposition,  is  69  yd.  in  the 
loom;  adding  on  one-tenth,  we  find  that  the  warp  is  78  yd.  long. 

4.  Weight  of  Warp. — According  to  rule,  multiply  the  total  number 
of  threads  in  the  web  by  the  length  of  the  warp,  and  divide  by  the 
number  of  yards  in  i  lb. ;  thus,  1584  x  78  -^  20  x  16  x  16  gives 
24  lb.  2  oz. 

5.  Weight  of  Weft. — The  width  of  the  fabric  is  33  in. ;  number  of 
picks  per  inch  48;  length  of  warp  78  yd.  These  are  multiplied  to- 
gether, and  the  total  divided  by  the  number  of  yards  of  weft  in  i  lb. 
Thus,  33  X  48  X  78  -r  20  X   16  X   16  =  i/if\,  which  is  24  lb.  2  oz. 

6.  Count  of  Reed. — Two  warp  threads  to  the  dent  requires  a  24  s 
reed;   4  threads  would  require  a  12s  to  the  inch. 

7.  Count  of  Healds. — For  any  yarn  but  woollen  48  mails  to  the  inch 
can  be  carried  comfortably  on  a  pair  of  heald  shafts;  but  sometimes 
open  yarns  require  the  four  heald  shafts.  In  any  case  the  count  is 
fairly  obvious. 

Summary 

Warp  threads 
Weft  picks 
Warp  ends 
Weight  of  warp 
Length        ,, 
Weight  of  weft 
Count  of  reed 
Count  of  heald 


...     48 

per 

inch 

...     48 

>> 

...   1584. 

24 

lb. 

2  oz. 

...    78  yd. 

24 

lb. 

2  oz. 

24 

or 

12. 

24 

or 

12. 
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(c)  Worsted. — A  certain  amount  of  shrinkage  occurs  in  all  kinds  of 
wool  fabrics,  but  worsteds  do  not  shrink  to  anything  like  the  extent 
of  woollens.  Worsteds  are  generally  woven  as  close  as  the  threads 
will  allow.  Therefore  we  are  safe  to  take  the  diameter  of  a  worsted 
thread  as  the  basis  of  calculation  for  the  whole  fabric.  Another  ad- 
vantage in  worsteds  is  the  comparative  uniformity  of  the  yarns.  A 
difference  of  2  threads  to  the  inch  is  a  fair  average,  and  we  have 
thus  a  very  sure  foundation  to  work  upon.  As  an  example,  let  us 
weave  into  a  plain  cloth  2/80  s  count  of  worsted  yarn,  warp  and 
weft.  This  is,  in  practice,  a  40  s  count,  the  diameter  of  which  is 
about  y|^  in. 

1.  Threads  to  the  Inch. — As  the  diameter  of  the  yarn  is  -^^-^  in.,  and 
the  cloth  is  to  be  close  woven,  equal  warp  and  weft,  we  have  134  threads 
to  the  inch,  or  67  of  warp  and  weft  each. 

2.  Number  of  Warp  Ends. — A  common  width  of  worsted  cloth  is 
60  in.  Multiplying  the  number  of  warp  threads  to  the  inch  by  the 
breadth  of  the  web,  we  have:   67    x   60  =  4020  warp  threads. 

3.  Length  of  Warp. — Say  that  the  length  of  the  cloth  is  70  yd. 
Warp  and  weft  cross  equally,  and  therefore  consume,  according  to 
our  calculations,  one-eighth  of  the  warp.  Add  on  one-eighth  of 
70  to  the  length  of  the  warp,  and  we  have,  practically,  78  yd.  of 
warp. 

4.  Weight  of  Warp. — To  obtain  the  weight  of  warp,  multiply  the 
total  number  of  threads  in  the  web  by  the  length  of  the  warp, 
and  divide  by  the  number  of  yards  in  i  lb.  of  the  count.  Thus, 
4020   X    78  -f   560    X   40  =    14  lb, 

5.  Weight  of  Weft. — Multiply  the  number  of  picks  per  inch,  the 
inches  in  width  of  the  web,  and  the  length  of  warp  together,  and 
divide  by  the  number  of  yards  in  i  lb.  of  the  yarn.  Thus,  67  x  60 
X    78   -f  40   X    560   =    14  lb. 

6.  Count  of  Reed. — The  exact  number  of  threads  per  inch  is  odd; 
but  66  serves  for  all  practical  purposes.  Sleying  2  to  the  dent,  we  can 
use  a  33  s  reed.  Four  threads  to  the  dent  gives  a  better  sett,  with  an 
18  s  reed,  missing  2  dents  to  the  inch. 

7.  Count  of  Heald  Shafts.  —  In  most  plain  weaves  it  is  safe  to 
follow  the  sleying  count  of  the  reed  in  the  heald  shafts.  A  pair  of 
heald  shafts  would  weave  this  cloth  quite  well,  though  it  may  be  more 
suitable,  for  a  variety  of  reasons,  to  employ  four.  If  four  shafts  are 
mounted,  the  18  s  count  of  shaft  will  suit,  with  i  mail  missed  in  every 
17  threads. 


PLAIN-CLOTH    DESIGN  23 

Summary 

Warp  threads  67  per  inch. 

Weft  picks      ...  ...  ...  ...  67      ,, 

Warp  ends      ...  ...  ...  ...  4020. 

Length  of  warp  ...  ...  ...  78  yd. 

Weight      ,,  ...  ...  ...  14  lb. 

Weig-ht  of  weft  ...  ...  ...  14  ,, 

Count  of  reed  ...  ...  ...  34  or  18. 

Count  of  heald  ...  ...  ...  34  or  18. 

Cloth  Produced. — Fine  worsted  plain  cloth,  70  yd.  long,  60  in.  broad, 
weighing  28  lb. 

{d)  Linen. — A  fine,  compact  thread,  linen  is  generally  considered 
the  thread  which  makes  the  most  perfect  of  plain  cloths.  Warp  and 
weft  combine  with  wonderful  regularity.  Firmness  of  thread  has  its 
drawbacks  ;  the  warp  does  not  yield  to  tension,  and  therefore  it  requires 
an  easing  appliance  between  the  healds  and  the  warp  beam,  so  that 
the  warp  is  let  out  to  the  lift  of  the  shed,  and  brought  back  again  to 
the  normal  level  when  the  shed  closes  over  the  weft  pick.  Another 
peculiarity  arising  from  the  same  cause  is  the  open  character  of  the 
weave.  No  linen  cloth  utilizes  the  full  number  of  threads  to  the  inch 
which  measurement  would  seem  to  justify.  Compare  a  linen  with  a 
cotton  cloth  of  the  same  weight,  and  the  openness  of  the  weave  is  at 
once  apparent.  While  the  cotton  threads  are  scarcely  separable  by 
the  naked  eye,  the  spaces  between  the  linen  threads  are  very  obvious. 
In  designing  linens,  therefore,  it  is  necessary  to  remember  that  the 
diameter  of  the  threads  is  not  a  guide  to  the  number  of  threads  which 
can  be  woven  in  the  inch.  These  peculiarities  have  probably  con- 
tributed not  a  little  to  the  comparative  decline  of  linen  in  the  textile 
world. 

The  range  of  linen  looms  is  immense;  there  are  very  narrow  looms, 
not  more  than  20  in.  in  width,  and  a  web  of  90  in.  is  needed  for  wide 
curtains  or  damask  tablecloths.  Striking  a  mean  between  extremes, 
we  take  the  common  longcloth  loom  of  48  in.  We  intend  weaving 
a  longcloth,  48  in.  broad,  double-width  as  it  is  called,  of  fine  medium 
weight,  and  equal  warp  and  weft. 

1.  Threads  to  the  Inch. — A  good  medium  linen  thread  is  30s  counts, 
which  gives  about  92  threads  to  the  inch.  We  are  justified,  therefore, 
in  weaving  it  at  about  88  per  inch. 

2.  Number  of  Warp  Ends.  —  Weft  and  warp  being  equal,  the 
number  of  warp  threads  is  44.     Multiplying  44,  the  number  of  threads 
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to  the  inch,  by  48,  the  inches  in  the  width  of  the  web,  we  obtain  21 12, 
the  number  of  warp  ends. 

3.  Length  of  Warp. — Linen  warps  bend  very  little  to  the  weft,  the 
peculiar  roughness  and  lustre  of  the  cloth  being  partly  due  to  that 
cause.  Given  that  a  web  of  100  yd.  in  length  is  desired,  we  make 
ample  allowance  for  the  contraction  of  the  warp  in  weaving  by  allowing 
one-twentieth.     The  warp  is  therefore  105  yd.  in  length. 

4.  Weight  of  Warp. — Multiply  the  total  number  of  warp  ends  by 
the  length  of  the  warp  in  yards,  and  divide  by  the  number  of  yards 
in  the  count  per  pound.    Thus,  21 12  x   105  -^  300  x  30  =  24  lb.  10  oz. 

5.  Weight  of  Weft. — Multiply  the  number  of  picks  per  inch,  the 
inches  in  width  of  the  web,  and  the  length  of  the  warp  together,  and 
divide  by  the  number  of  yards  in  i  lb.  of  the  count.  Thus,  44  x  48 
X   105  -r  30  X  300  =   24  lb.  10  oz.,  the  weight  of  weft. 

6.  Count  of  Reed. — The  usual  method  of  counting  linen   reeds  is 
by  the  porter  of  20  split  to  the  inch ;  but  the  more  convenient  method 
for  all  weavers  is  the  number  of  dents  to  the  inch.     Two  threads  to 
the  dent  gives  22   to  the  inch.     Whatever  count  might  be  adopted 
this  would  be  the  actual  sleying. 

7.  Count  of  Heald  Shafts. — Weaving  with  the  pair  of  heald  shafts, 
we  have  22  to  the  inch  on  each  shaft.  Measured  by  porters,  it  would 
be  heald  shafts  of  two  and  a  fifth  porters. 

Summary 

Warp  threads  ...  ...  ...  ...  44  per  Inch. 

Weft  picks        ...  ...  ...  ...  44        ,, 

Warp  ends        ...  ...  ...  ...  2112. 

Length  of  warp  ...  ..-.  ...  105  yd. 

Weight        ,,     ...  ...  ...  ...  24  lb.  10  oz. 

Weig-ht  of  weft  ...  ...  ...  24  ,,    10  ,, 

Count  of  reed   ...  ...  ...  ...  22. 

Count  of  heald  ...  ...  ...  22. 

Cloth  Produced. — With  this  weave,  a  very  heavy  longcloth,  100  yd. 
long,  48  in.  broad,  and  a  little  over  48  lb.  in  weight,  is  produced. 

{e)  Silk. — In  weaving  silks,  some  problems  occur  in  force  which 
can  be  ignored  in  almost  every  other  textile.  Both  warp  and  weft 
are  composed  of  several  strands.  We  say  that  the  difference  between 
tram  and  organzine  is  that  the  former  is  composed  of  singles  untwisted, 
while  the  latter  is  twisted  of  twisted  singles.  But  the  original  filaments 
of  cocoon  silk  composing  the  singles  have  been  twisted,  and  even  the 
finest  tram  has  a  certain  amount  of  twist;  the  specific  quality  of  twist 
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in  organzine  is  only  one  of  degree.  Though  the  extreme  tenuity  of 
the  singles  composing  very  light,  cheap  or  fancy  silks  conceals  the 
characteristic  twist,  a  perfectly  plain  weave  is  hardly  possible  with  silks 
of  any  weight.  The  twist  in  a  i  s  count,  taking  the  1000  yd.  per  ounce 
scale,  would  be  so  very  evident  as  to  give  the  cloth  the  appearance  of 
a  minute  twill.  Though  the  softest  and  most  flexible  of  yarns,  because 
of  the  constituting  twist,  silk  does  not  lie  so  closely  as  inferior  yarns 
such  as  cotton  or  worsted.  The  limitations  indicated  have  restricted 
the  use  of  silk  in  plain  cloths,  and  the  common  resort  is  therefore  gauze 
weaving,  when  very  heavy  silk  yarns  are  to  be  utilized.  As  a  rule, 
heavy  silk  yarns  are  woven  as  twills,  which  exhibit  the  twist  to  the  full 
advantage  and  lie  closely.  For  the  sake  of  illustration,  however,  we 
shall  weave  a  plain  silk  cloth  of  2  s  count,  equal  warp  and  weft,  60  yd. 
in  length. 

1.  Threads  per  Inch. — As  the  square  root  of  32,000,  the  number 
of  yards  in  i  lb.  of  2  s  count,  is  180,  we  take  it  that  a  fair  cloth  of 
that  yarn  can  be  made  at  140  threads  per  inch. 

2.  Nttmher  of  Warp  Ends. — Silk  cloths  are  woven  in  all  widths, 
from  18  to  60  in.  This  cloth,  however,  is  woven  54  in.  in  width. 
Multiplying  the  threads  to  the  inch  by  the  inches  in  the  width  of  the 
web,  we  find  that  70  x  54  =   3780,  the  number  of  warp  ends. 

3.  Length  of  Warp. — The  length  of  cloth  is  60  yd.;  warp  and 
weft  are  equal.  According  to  rule,  the  contraction  of  the  warp  in 
weaving  is  one-eighth  the  total  length.  The  length  of  warp  required 
is  68  yd. 

4.  Weight  of  Warp. — Multiply  the  total  number  of  warp  ends  by  the 
length  of  the  warp  in  yards,  and  divide  by  the  number  of  yards  in  i  lb. 
of  the  count.  Therefore  3780  x  68  -f  32000  =  8  lb.,  the  weight  of  the 
warp. 

5.  Weight  of  Weft. — The  actual  figures  for  the  weight  of  weft  are 
the  same  as  those  for  weight  of  warp,  though  the  factors  are  difl"erent. 
Multiply  the  number  of  picks  per  inch,  the  inches  in  width  of  the  web, 
and  the  length  of  the  warp  together,  and  divide  the  total  by  the  number 
of  yards  in  i  lb.  of  the  count.  For  example:  70  x  54  x  68  -f  2  x  1000 
X   16  =   8  lb. 

6.  Count  of  Reed. — With  a  fine  yarn  like  silk,  the  closer  the  reed 
the  better.  We  therefore  sley  two  to  the  dent,  which  gives  35  to 
the  inch. 

7.  Count  of  Healds. — Neither  the  weight  of  the  warp  nor  the  close- 
ness of  the  threads  would  justify  the  employment  of  four  heald  shafts. 
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Working  with  two  heald  shafts,  the  counts  are  the  same  as  those  of  the 

reed,  viz.  35. 

Summary 


Warp  threads  ... 

...     70  per  inch 

Weft  picks 

70         » 

Warp  ends 

3780. 

Length  of  warp 

68  yd. 

Weight      „ 

8  1b. 

Weight  of  weft 

8  „ 

Count  of  reed   ... 

35- 

Count  of  heald 

35- 

Silk  cloths  double  the  weight  have  been  woven  plain,  but  these 
are  not  common  in  the  power-loom  factory.  Hand-loom  weavers  are 
employed  by  manufacturers  of  such  cloths,  and  perfect  combination 
of  weft  and  warp  is  very  seldom  attained. 

(/)  yi^^^- — Very  little  attention  is  paid  to  the  designing  of  jute. 
A  jute  designer  is  as  rare  as  a  mathematical  bricklayer;  the  operation 
is  regarded  in  the  light  of  a  mechanical  function  to  be  carried  through 
in  the  common  course  of  the  work.  Perhaps  this  fact  may  have  some- 
thing to  do  with  the  low  position  which  jute  fabrics  occupy  in  the 
textile  world.  It  is  necessary,  of  course,  to  specify  the  various  dimen- 
sions and  relations  of  warp,  weft,  sley,  and  heald  shafts. 

1.  Threads  to  the  Inch. — A  fine  jute  thread  is  3  s  count,  which  is 
-eV  in.  in  diameter.  Allowing  for  the  stiffness  of  the  fibre,  we  can 
weave  a  cloth  running  to  60  threads  in  the  inch. 

2.  Number  of  Warp  Ends. — Taking  warp  and  weft  as  equal,  the 
number  of  threads  to  the  inch  allows  30  each  of  warp  and  weft.  Jute 
webs  are  of  great  width,  the  common  loom  being  90  in.  wide.  Multi- 
plying 30  by  go,  we  find  that  the  number  of  warp  ends  is  2700. 

3.  Length  of  Warp. — The  bend  of  the  jute  threads  is  scarcely  so 
positive  as  that  of  finer  yarns.  It  would  therefore  be  safe  to  allow 
no  more  than  a  tenth  of  warp  for  the  mutual  fold  of  weft  over  warp, 
and  warp  over  weft.  Taking  30  yd.  as  the  length  of  the  cloth,  2iZ  y^- 
should  be  the  length  of  the  warp. 

4.  Weight  of  Warp. — To  find  the  weight  of  the  warp,  multiply  the 
total  number  of  warp  ends  in  the  web  by  the  length  of  the  warp  in 
yards,  and  divide  by  the  number  of  yards  in  i  lb.  of  the  count.  Thus: 
2700  X  33  -f  4800  =    18  lb.  9  oz. 

5.  Weight  of  Weft. — By  supposition,  the  weft  and  warp  are  equal, 
though   the   method   of  calculation    differs.      Multiply  the  number  of 
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picks  per  inch,  the  inches  in  the  width  of  the  web,  and  the  length  of 
the  warp  together,  and  divide  the  total  by  the  number  of  yards  in 
the  pound  of  the  count.     30  x  90  X  33  -h  4800  =    18  lb.  9  oz. 

6.  Count  of  Reed. — A  common  defect  in  jute  cloths  is  what  has 
been  called  reed  raking.  Some  difference  of  opinion  is  held  among 
practical  men  regarding  the  cause  of  the  fault.  For  a  plain  weave 
of  jute,  we  would  allow  a  wide  reed,  and  sley  in  2  s — say,  a  reed 
15  to  the  inch,  giving  30  threads  to  the  inch. 

7.  Count  of  Heald  Shafts. — The  count  of  the  heald  shafts  would 
in  this  case  be  the  same  as  the  count  of  the  reed,   15. 


Summary 


Warp  threads  .. 
Weft  picks 
Warp  ends 
Length  of  warp 
Weight       ,, 
Weight  of  weft 
Count  of  reed   .. 
Count  of  heald 


30  per  inch. 

2700. 

18  lb.  9  oz. 
18  lb.  9  oz. 
IS- 


This produces  a  good,  sound  jute  cloth,  bulky,  firm,  and  of  even 
texture.  Heavy  weaves  for  coarse  floorcloths,  linoleums,  gunny  bags, 
and  light  canvases  utilize  threads  of  much  higher  counts.  15  s,  giving 
960  yd.  to  I  lb.,  with  30  threads  to  the  inch,  is  a  very  common  count. 
The  weave  of  15  s  is  about  24  threads  to  the  inch,   12  warp  and  weft. 

Yarns  of  Various  Weights  and  Mixed  Kinds. — A  perfectly  balanced 
cloth  is  equal  in  weft  and  warp ;  but  very  frequently  the  market  demand 
is  not  for  a  cloth  perfect  in  any  respect,  but  for  a  cloth  which  will  look 
better  than  it  really  is.  The  purpose  may  be  served  in  various  ways: 
a  light  weft  may  be  spread  over  a  good  warp;  warp  and  weft  may 
be  made  up  of  mixed  yarns,  the  inferior  fibre  being  concealed  by  the 
finer;  and  other  subterfuges  may  be  adopted.  On  the  other  hand, 
a  certain  kind  of  cloth  which  has  taken  the  popular  fancy,  irrespective 
of  its  textile  value,  may  require  that  warp  and  weft  be  unequal  both 
in  weight  and  quality ;  many  of  the  lighter  cloths,  such  as  cashmeres, 
originated  in  deliberate  adulteration;  but  they  have  been  adopted  for 
what  they  are,  and  have  been  very  serviceable. 

Whatever  may  be  the  cause,  the  designer  of  even  plain  cloths 
soon  learns  that  his  task  is  not  simple.  He  is  called  upon  to  combine 
into  cloth  varied  and  sometimes  apparently  incongruous  materials; 
the  actual  facts  frequently  diverge  in  various  ways  from  the  results  of 
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his  calculations.  As  we  have  admitted,  our  simple  theory  does  not  fit 
every  case;  applied  to  single  yarns,  plain  weaves,  and  equal  warp  and 
weft,  it  is  perfect;  but  with  doubled  yarns  and  fancy  weaves,  it  is 
curiously  defective.  This,  however,  belongs  to  an  advanced  stage  of 
our  subject,  and  can  hardly  be  understood  till  twills  and  fancy  weaves 
have  been  examined.  For  the  present,  therefore,  we  must  be  content 
with  having  gained  a  knowledge  of  the  primary  principles  upon  which 
textile  structure  is  founded. 


CHAPTER   III 
Twilling 


Twilling. — Having  produced  a  plain  cloth  by  alternate  crossings  of 
warp  upon  weft,  we  advance  a  step  further  and  try  what  effect  alteration 
in  the  order  of  crossing  will  have  on  the  fabric.  The  most  obvious 
experiment  is  crossing  the  weft  over  two  warp  threads;  a  change  at 
■once  appears  in  the  cloth.  The  product  is  a  very  minute  cord,  or  a 
very  little  different  from  the  original  weave  wrought  with  a  thick  warp 
and  thin  weft.  But  there  is  more  than  the  surface  pattern  of  the  cloth 
to  be  considered.  By  binding  each  pair  of  warp  threads  in  one  pick 
of  weft  we  not  only  make  them  one,  but  also  exclude  the  weft  thread 
which,  in  plain  weaving,  passes  between  them.  One  thread  in  three  is 
missed;  in  order  to  make  the  same  weight  and  width  of  cloth,  therefore, 
we  must  do  something.  Leaving  the  question  of  weight  out,  and 
taking  the  number  of  threads  only,  suppose  a  web  which,  in  a  plain 
weave,  had  960  warp  ends  to  a  width  of  20  in.  By  making  the  weft 
pass  over  and  under  the  warp  ends  in  pairs  we  leave  out  320  threads  in 
the  breadth ;  in  order  to  make  up  the  deficiency  320  warp  ends  must  be 
added,  and  this  gives  1280  warp  ends.  In  other  words,  the  warp  was 
formerly  48  to  the  inch,  and  now  it  is  64.  Such  an  alteration  in  an 
important  constituent  is  bound  to  change  wholly  the  character  of  the 
cloth;    in  fact,  it  is  recognized  as  belonging  to  a  different  class. 

Twilling,  however,  is  not  simply  the  weaving  together  of  two  or 
more  warp  ends.  It  is  a  variation  in  cloth  construction  of  very  wide 
range.  The  idea  of  doubling,  which  plays  so  great  a  part  in  spinning, 
here  enters  into  weaving.  Twilling  is  simply  the  weaver's  method  of 
twisting,  warp  and  weft  being  twined  round  each  other.  To  produce 
the  twist  effect,  each  pick  of  the  pattern  must  flush  a  different  selection 
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of  warp  threads.  For  if,  as  we  have  instanced,  the  warp  and  weft 
threads  are  flushed  in  alternate  pairs  all  through  the  web,  no  twill  effect 
is  shown.  Let  us  suppose  another  instance.  In  the  first  pick  of  the 
pattern  four  warp  ends  are  flushed  and  depressed  alternately;  in  the 
second  pick  warp  end  i  is  depressed  and  warp  ends  2,  3,  4,  5  are 
flushed,  with  warp  ends  6,  7,  8  depressed;  in  the  third  pick  we  begin 
with  depressing  i  and  2  warp  ends.  Every  time  four  ends  are  depressed 
and  flushed,  but  in  a  regular  progression  of  one  beyond  the  other,  to 
right  or  left,  as  we  choose;  it  follows  that  an  appearance  of  twist  will 
be  produced,  and  show  on  the  surface  of  the  cloth  in  distinct  diagonal 
lines.  The  essence  of  a  true  twill  therefore  consists  in  the  combination 
of  more  than  one  warp  thread  with  a  weft  pick,  each  successive  pick 
flushing  a  different  set  of  warp  threads. 

Prunelle   or  Three -end   Twill. — The   mini- 
mum number  of  threads  in  a  twill  is  six,  three 


m 


of  warp  and  three  of  weft;    it  is  impossible  to     Fig.  360. -Pruneiie  or  Three-end 

Twill 

change  the  order  of  crossing  four  threads.     The 

simplest  of  twills   is   that   known   as   the  prunelle  or   three-end  twill 

(fig.  360),  the  pattern  of  which  is  completed  in  three  picks,  thus: — 

Pick  I.    Warp  ends — i   up,   2  and  3  down. 
,,2.  ,,  — I   down,  2  up,  3  down. 

,,     3.  ,,  — I  and  2  down,  3  up. 

Healding  Plan  of  Prunelle. — The  draft  of  a  prunelle  is  simple  and 
straight  through.  Reading  from  back  to  front,  heald  shaft  i  takes 
warp  thread  i;  shaft  2,  thread  2;  shaft  3,  warp  end  3;  shaft  i,  warp 
end  4,  7,    10,  and  onward. 

Treading  Plan. — The  treading  plan  is  equally  simple,  following  the 
draft  of  the  healds.  Treadle  i  is  down,  2  and  3  up;  i  up,  2  down, 
3  up;  I  up,  2  up,  3  down.  Depression  of  the  treadles  lifts  the  heald 
shafts. 

Set  of  the  Tappets. — Three  tappet  plates,  constructed  to  complete 
between  them  the  circle  of  the  revolution,  are  set  on  the  tappet  shaft  at 
angles  of  120  degrees  to  each  other. 

Variation  of  Three-end  Twill. — An  obvious  variation  of  the  three- 
end  twill  is  the  flushing  of  weft  instead  of  warp  on  the  two  ends  in  each 
pick.  As  a  matter  of  course  the  obverse  side  of  the  cloth  shows  that 
weave. 

Four-end  Twills. — It  is  a  simple  axiom  that  the  greater  the  number 
of  threads  in  a  twill  the  larg-er  the  number  of  variations  which  can  be 
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wrought  upon  them.  Four-end  twill  (fig.  361)  is  the  best  example  of 
the  truth  of  the  axiom.  For  this  twill  the  minimum  of  eight  threads 
are  required,  four  of  warp  and  weft  each.  With  eight  threads  a  variety 
of  patterns  can  be  made,  though  the  number  of  true  twills  is  much 
less  than  at  first  sight  might 

seem  possiDie.  DnBDnnBaDDBDnnBD 

Crow  or  Swansdown.— Let      DBDnDBDnnBDnnBDa 

BDnDBDnaBDnnBDnn 

IjT 2__  nnBDnnBDnDBannBD 


3 DBDnDBDnnBDnDBna 


-± —  BaDaBnnnBDDDBDna 


Fig.  361. — Four-end  Twill  Fig.  362. — Four  end  Twill  or  Swansdown' 

us  take  first  the  twill  which  is  woven  on  the  same  principle  as  the 
three-end  twill  (fig.  362).  Instead  of  flushing  the  weft  every  third 
pick,  we  here  flush  one  in  four. 

Pick   I.  Warp  ends — i   down,   2,   3,  4  up. 
,,     2.  ,,  —I  up,  2  down,  3,  4  up. 

„     3.  ,,  —I  up,   2  up,  3  down,  4  up. 

,,     4.  ,,  —I,   2,  3  up,  4  down. 

Analysing  the  table,  we  find  that  one  warp  thread  is  down  in  each 
pick,  and  the  other  three  up,  the  v»^eft  threads  flushed  appearing  always 
on  the  next  warp  thread. 

Draft  Plan  of  Crow. — Weavers  have  always  the  choice  between 
what  is  called  a  straight  gate  and  a  broken  treading  plan.  We  prefer 
the  former,  and  adhere  to  it  throughout,  A  simple  rule  in  drafting  is: 
Those  warp  threads  which  are  always  actuated  in  the  same  way  at  the 
same  time  can  be  carried  on  one  heald  shaft.  The  reverse  also  is  the 
case.  On  this  rule  the  four-end  twill  we  are  considering  requires  four 
healds.  No  two  warp  ends  are  always  actuated  in  the  same  way  at  the 
same  time  throughout  the  pattern.  Consequently  the  draft  plan  reads 
simply  I,  2,  3,  4  from  back  to  front.  Heald  i  carries  warp  ends  i,  5,  9, 
and  the  first  of  every  successive  four  threads :  heald  2  carries  warp  end 
2,  and  the  second  of  every  successive  four  threads.  Similarly  healds 
3  and  4. 

Treading  Plan. — Obeying  the  same  rule  as  the  heald  shafts,  the 
treadles  are  planned  in  the  same  order.  Take  the  table  of  working, 
call  picks  treadles,  and  mark  ttp  where  the  table  has  down,  and  you 
have  a  completed  treading  plan. 

Set  of  Tappets. — The  tappets  for  the  common  four-end  twill  are 
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constructed  to  form  together  a  complete  circle  in  four  parts.  The 
plates  are  set  upon  the  tappet  shaft  at  angles  of  90  degrees  to  each 
other. 

Shalloon,  Cassimeie,  or  Two-and-two  Twill. — One  of  the  most 
useful  twills  is  that  known  in  the  worsted  trade  as  the  Cassimere  twill. 
It  is  interesting  to  observe  the  simplicity  of  a  device  which  effects  a 
change  so  great  upon  the  structure  and  character  of  the  plain  fabric. 
In  the  main  the  weave  is  a  combination  of  plain  and  twill  (fig.  363). 
The  four-end  twill  or  swansdown  flushes  three  out  of  every  four  warp 
ends  every  pick,  and  therefore  the  warp  is  divided  unequally,  one-fourth 
being  always  depressed,  while 
three-fourths  is  lifted.      The  two-      ■anBBnnBHnnBHDnf" 


DDHBDnHBDnaHnni 

and-two    twill    divides    the    warp      nHHnnHHDDBBnnHHQ 

equally,  like  the  plain  weave ;  one-      BHnnBBDDBBnDBBDQ 

half   is   UD   and    the   other    half   is      ■□□BBDnBanDBBDnB 
nalt  is  up  and   the  other   halt   is      □□HaSJDDBBDnBBnnBB 

down  every  pick.      A  weft  thread      DBfflnnBBnnBBDnBBQ 

passes  over  a  pair,   then  under  a      BBDDBBDDBBDDBBDn 

pair,   of  warp  ends  across   the   whole  fig.  363.— Cassimere  or  Cashmere  TwiU 

breadth  of  the  web;    but  no  pair 

of  warp  ends  are  flushed  together  in  two  successive  picks,  and  thus 
a  close  and  compact  twill  is  made. 
The  pattern  is  wrought  as  follows : — 

Pick  I.  Warp  ends — i  up,  2  up,  3  down,  4  down. 

,,      2.  ,,           — I   down,   2  up,   3  up,  4  down. 

,,      3.  ,,          — I   down,   2  down,   3  up,   4  up. 

,,     4.  ,,          — I   up,   2  down,  3  down,  4  up. 

Healding  Plan  of  Cassimere. — Because  every  thread  of  the  pattern 
and  every  warp  end  has  a  different  moment  of  lifting  at  one  time  or 
another,  four  heald  shafts  are  indispensable.  The  straight  gate  of  the 
four-end  twill  might  be  adopted,  but  the  general  rule  is  to  adopt  a  plan 
somewhat  different.  Variation  must  come,  and  to  familiarize  ourselves 
with  an  eccentric  order  let  us  take  the  following: — 

Heald  shaft  i,  warp  end  i ;  shaft  2,  warp  end  3;  shaft  3,  warp  end  2 ; 
shaft  4,  warp  end  4. 

An  approach  is  here  made  to  the  order  of  healding  the  plain  weave ; 
odd  and  even  threads  are  together,  the  two  back  shafts  holding  the  odd 
and  the  two  front  shafts  the  even  threads. 

Treading  Plan. — By  departing  from  the  regular  order  of  healding 
we  are  involved  in  a  series  of  changes.     A  treading  plan,  instead  of 
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following  the  lines  of  the  picks,  takes  the  lines  of  the  warp  ends.  Usually 
the  treading  plan  is  worked  on  the  pointed  paper  beside  the  pattern 
design.     A  verbal  description,  however,  should  also  be  added,  thus: — # 

Heald  shaft  i.  Picks — i  up,   2  down,  3  down,  4  up. 

,,             2.  ,,     — I  down,   2  up,   3  up,   4  down. 

,,            3.  ,,     — I  up,   2  up,  3  down,  4  down. 

,,             4.  ,,     — I  down,   2  down,   3  up,  4  up. 

We  have  said  that  a  treadle  is  depressed  for  the  lifting  of  a  heald 
shaft;  but  a  qualification  must  be  added.  Most  simple  treadle  motions 
are  arranged  in  that  way,  but  it  is  quite  as  easy  to  reverse  the  action 
and  make  the  depression  of  the  treadle  depress  the  shaft.  Place  the 
bowl  of  the  treadle  above  the  centre  of  the  tappet  plate,  and  the  motion 
is  reversed ;  it  depresses  where  before  it  elevated. 

Set  of  Tappets. — Like  the  tappets  of  the  swansdown  four-end  twill, 
the  tappets  of  this  weave  must  be  four  in  number  and  form  among  them 
a  complete  circle ;  but  the  setting  must  be  different,  or  the  shape  of  the 
tappets  altered.  A  setting  of  tappets  which  lifts  three  and  depresses 
one  warp  end  every  pick  cannot  be  made  to  lift  two  warp  ends  and 
depress  the  same  number  each  pick.  The  problem  is  solved  by  making 
the  tappet  plate  of  each  heald  equal  to  four  picks  on  the  round  and  set 
at  angles  of  90  degrees  to  each  other,  so  that  no  tappet  will  elevate 
adjoining  shafts  twice  in  succession. 

Variation  on  Four-end  Twill. — If  the  original  four-end  twill  is  warp 
flushed,  the  obvious  alternative  is  flushing  the  weft.  Instead  of  passing 
weft  over  one  and  under  three  warp  ends,  pass  the  weft 
IDHD  under  one  and  over  three.  Both  weft  flush  and  warp 
ID  DO         flush  may  be  twilled  from  left  to  right  or  from  right  to 

DBHU  left,  producing  effects  much  more  varied  than  might 
Fig.  364.-variation     seem  probable  at  first  sight.     The  reverse  twill  is  an 

on  Four-end  Twill  '■ 

important  subject  which  comes  into  prominence  further 
on  in  the  development  of  the  twill,  and  may  be  left  aside  at  present. 

An  obvious  variation  on  the  four-end  twill  is  the  combination  of  the 
prunelle  with  the  plain  weave,  two  ends  alternate  and  two  ends  to- 
gether, warp  or  weft  flush. 

Reversing  the  twill,  we  flush  two  and  alternate  the  other  two,  bring- 
ing out  another  form  of  pattern  (fig.  364).  Take  the  picking  of  the 
former,  thus: — 

Pick  I.  Warp  ends — i  up,   2  down,  3  up,  4  up. 

,,      2.  ,,           — I   down,   2  up,  3  down,  4  up. 

,,     3.  ,,          —I  up,   2  down,  3  down,  4  up. 

,,     4.  ,,          — I   down,   2  up,  3  up,  4  down. 
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This  exhibits  the  principle  of  the  regular  twill.  Every  pick  is 
simply  the  model  of  the  first  shifted  one  warp  end  along. 

Serge. — The  serge  twill  is  a  combination  of  cassimere  and  plain 
weave.  This  is  clearly  shown  in  the  four-end  example  (fig.  365). 
We  think,  however,  the  serge  weave  can  best  be  studied 

on  a  higher  twill. 


m 


A- 


_!_  Double  -  pick    Cassimere.  —  A 

\ —      contradiction  of  the  twill  principle 
is    instanced    in    the   double-pick 

Fig.  365.-Serge:  Four-end  TwiU  CaSsimCrC     (fig.     366).  InStCad     of 

changing  the  pick  every  time,  or 
rather  the  order  of  weaving  every  pick,  this  weave  re- 
peats the  first  and  second  picks  of  the  two-and-two  twill. 


Fig.  366.- 
Double  Cassimere 

Thus: — 


Pick   I.  Warp  ends — i  up,   2  up,   3  down,  4  down. 
,,     2.  ,,  — I  up,   2  up,   3  down,  4  down. 

,,      3.  ,,  — I   down,   2  up,   3  up,   4  down. 

,,     4.  ,,  — I  down,   2  up,  3  up,  4  down,  &c. 


3 


The  contradiction  in  this  is  more  apparent  than  real,  because,  in 
weaving,  the  pattern  is  repeated  one  warp  thread  along,  still  keeping 
the  character  of  the  twill. 

Here  occurs  a  difficulty  which  often  puzzles  beginners.  In  one 
sense  the  double  two-and-two  twill  may  be  described  as  an  eight-end 
pattern,  because  the  whole  plan  is  not  shown 
till  the  weave  has  been  twice  woven.  Strictly, 
however,  the  pattern  is  complete  in  four  ends 
on  eight  threads. 

Five-end  Twill. — Like  every  twill,  the  five- 
end  begins  with  the  four  flush  of  warp  or  weft 
in  one — that  is,  one  thread  down  and  four  up  (fig.   367). 
is  simple. 

Warp  ends — i  up,  2  down,  3  down,  4  down,  5  down. 
,,  — I  down,  2  up,  3  down,  4  down,  5  down. 

,,  — I  down,  2  down,  3  up,  4  down,  5  down. 

,,  — I  down,  2  down,  3  down,  4  up,  5  down. 


H 


A- 


■S 


Fig.  367. — Five-end  Twill 


The  plan 


Pick  I 
2 

3 
4 
5 


—  I  down,  2  down,  3  down,  4  down,  5  up. 


Healding  and  Treading  Plans. — At  first  sight  one  might  be  tempted 
to  hope  that  this  so  simple  weave  might  be  healded  and  shed  with  less 
than  five  healds  and  treadles.  But  no  warp  thread  is  always  lifted  at 
the  same  moment   as  any  other.      According  to  rule,   therefore,   five 
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heald  shafts  and  five  treadles  with  suitable  tappets  are  required.  We 
can  heald  the  five-end  simple  twill  in  a  straight  gate,  and  if  another 
healding  plan  is  required  it  is  a  matter  of  ordinary  calculation.  But 
another  practical  point  here  comes  into  prominence.  It  is  impossible 
to  sley  five  threads  in  one  dent  of  the  reed  unless  cram  is  intended,  and 
the  object  aimed  at  is  very  different.  Two  is  not  a  factor  of  five,  but 
it  is  of  ten ;  by  taking  two  patterns  as  the  basis  ot  calculation  we  can 
sley  the  warp  in  two's.  The  number  of  threads  of  warp  in  2  in., 
therefore,  is  the  basis  of  calculation  for  the  healding  of  this  pattern. 
Operating  the  weave  by  itself,  and  with  plain  warp  and  weft,  the 
difference  matters  very  little;  but  there  are  occasions  in  which  it 
signifies  a  great  deal. 

Scope  on  Five-end  Twill. — Some  attempts  to  frame  axioms  for  the 

weaving  trade  have  not  been  successful.     A  rule  has  been  given,  with 

a  show  of  authority,  that  the  number  of  possible  true 

P|yj"Q      twills  is  the  square  of  the  threads  employed.     A  five- 

■  ■DHn      thread   twill   employs  twenty-five  threads;    therefore  it 

■  DHDH      would  seem  we  are  confined  to  five  patterns  in  five-end 
LJHUHB      twills.     By  practical  experiment  we  find  that  no  more 
^ 'livew "rwiii^"    than  six  patterns  can   be  safely  attempted  by  the  be- 
ginner;   but  that  is  by  no  means  the  actual  limit.     As 

an  example  of  variation  on  the  five-end  twill  (fig.  368)  take  the  follow- 
ing:— 

Pick  I.   Warp  ends — i  down,  2  up,  3  up,  4  down,  5  up. 

,,2.  ,,  —I  up,  2  down,  3  up,  4  up,  5  down. 

,,     3*  »»         —I  down,  2  up,  3  down,  4  up,  5  up. 

,,     4.  ,,         —I  up,  2  down,  3  up,  4  down,  5  up. 

,,     5.  „         —I  up,  2  up,  3  down,  4  up,  5  down. 

Analysing  this  pattern,  and  noting  the  successive  picks,  it  looks  as 
though  the  fourth  pick  was  irregular  (fig.  368).  Take  each  warp  thread 
in  turn,  however,  and  it  will  be  seen  that  each  one  is  three  times  up 
to  twice  down,  which  shows  that  the  twill  is  regular.  Patterns  much 
less  complex  can  be  woven,  as  may  be  inferred. 

Higher  Twills. — Abstractly,  there  is  no  limit  to  the  number  of  ends 
which  may  be  included  in  a  twill.  A  fifty-end  twill  is  quite  possible; 
but  the  utility  of  it  is  another  matter.  A  warp  end  lifted  fifty  times 
in  succession  above  the  crossing  weft,  or  a  weft  thread  passing  over 
fifty  warp  ends,  would  make  a  very  loose  piece  of  cloth.  In  actual 
practice  a  sixteen-end  twill  is  hardly  ever  required.  Taking  a  cloth 
at  forty-eight  warp  ends  per  inch,  we  have  only  three  picks  per  inch  in 
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the  simple  twill.     Very  fine  cottons  and  silks  may  be  safely  woven  in 
such  a  pattern,   but  the  thicker  yarns  would  show  very  poor  results. 
It  is  not  in  the  simple  twill,  however,  that  the  advantage  of  the  higher 
twills  is  seen.     For  the  purpose  of  combina- 
tion   with  other  weaves,    we   may  require   to      LjLJLJLJBnDyyH 
carry  the  twill  to  a  very  considerable  number      nDHnnDDHnn 
of  ends,  the  other  portion  correcting  constantly      DBDnnDBDnD 
the  looseness  natural  to  the  twill  itself.     An-      nnnRSnnnnS 
other  advantage  is  the  number  of  variations      DDnBDnnDBD 
obtainable  in  one  set  of  threads.      This  ad-      DDBDnDDHDn 
vantage  may  be  made  too  much  of.     Before      ■nnnnHnnnn 
resorting  to  a  large  twill,  the  weaver  should  ng.  seg.-Ten-end  TwIu 

try  if  the  same  effect  cannot  be  produced  by 

a  twill  with  a  smaller  number  of  ends.     Look,  for  example,  at  a  ten- 
end  twill  (fig.  369)  with  one  pick  in  five  crossed: — 

Pick  I.  Warp  ends — i  down,  2  up,  3  up,  4  up,  5  up,  6  down,  7,  8,  9, 

10  up. 
,,     2.  ,,         — I  up,  2  down,  3  up,  4  up,  5  up,  6  up,  7  down, 

8,  9,  10  up. 
,,     3.  ,,         —I  up,   2  up,   3  down,  4  up,  5  up,  6  up,  7  up, 

8  down,  9,    10  up. 
,,     4.  ,,  —I   up,   2  up,  3  up,  4  down,   5  up,   6  up,   7  up, 

8  up,  9  down,    10  up. 

,,     5.  „  —I  up,  2  up,  3  up,  4  up,  5  down,  6  up,  7  up,  8  up, 

9  up,  10  down. 

Pick  6  begins  again  a  repeat  of  pick  i ;  it  is  therefore  quite  needless 
to  detail  the  other  five  picks.  Halve  the  warp  ends,  and  you  will  find 
nothing  more  than  a  five-end  twill  in  each  half.  The  question  arises 
as  to  what  is  the  utility  of  this  ten-end  twill.  For  simple  twilling  it 
has  no  use  whatever.  It  may  happen,  however,  that  the  twill  is 
only  a  part  of  a  larger  pattern,  or  that  the  other  side  of  the  pattern 
works  upon  ten  ends.     Then  the  ten-end  twill  is  most  convenient. 

A  second  idea  occurs  in  this  connection.  Given  a  piece  of  twilled 
cloth  to  analyse,  the  number  of  ends  contained  in  the  whole  twill, 
or  at  least  the  number  necessarily  occupied  by  the  twill,  can  be  ascer- 
tained by  observing  when  pick  i  is  repeated  on  the  same  warp  end. 

Use  of  Large  Twills. — As  has  already  been  said,  a  large  number 
of  warp  ends  twilled  on  the  simple  pattern  of  one  down  and  all  the 
others  flushed,  can  hardly  be  called  useful.  But  the  larger  the 
number   of  threads   the   designer   has   to  work  with,   the   greater  the 


36  TEXTILE   WEAVING   AND   DESIGN 

variety  of  pattern  he  can  produce.  Given  twelve  ends,  for  instance, 
a  weaver  can  make  about  eighty  regular  twills,  one-half  of  which 
could  not  be  produced  by  a  combination  of  twills  of  fewer  ends.  To 
obtain  broad  effects,  broad  lines  must  be  allowed.  Given,  for  example, 
a  twill  starting  thus:  Three  up,  four  down,  three  up,  two  down,  we 
occupy  the  whole  twelve  ends,  and  make  a  good  and  useful  pattern, 
equal  in  flush  of  warp  and  weft,  and  in  every  way  conforming  to  the 
most  rigid  rules  governing  twill  patterns. 

Or,  perhaps,  a  fifteen-end  twill  may  better  serve  the  purpose  of 
illustration.     No  twill  can  really  be  accepted  as  a  type  in  preference 

to  all  others;  every  genuine  twill  is  as 

nSSDnS"nnSS5S"n    ^"""^  ^^  ^"^  """^  °^  ^^^  ^^^  '^^^'    ^""^ 

BPQQgj|[]QjlH|BBIIQ[;]  one  must  be  selected,  and  this  simple 

■  DDBflnnBHHBBaDB  large   twill,    ^^   (fig.    370),   serves 

\2MWX2\3MM^^M\I\[I\WMU  very  well.     1  he  warp  ends  are  divided 

BBDDBBBBBnDBBDD  into  six  sections,  3  up  and  3  down, 

DDBBBBflaaBBDDflB  though  the  ends  lifted  are  in  the  pro- 

DBBBBBDaBBnaBBD  portion  of  9  to  6  depressed.      Every 

innS5nn22nn2  P^^^  °^  ^^it   passes  under  and   over 

JnQHBDDBBIIinBB  exactly  the  same  number  of  warp  ends, 

BBODBBDOBBDIUBBB  and  vet  no  pick  is  an  exact  repeat  of 

BDDBBDDBBDDBBBB  \,  c-      1        a  .•    1 

any  other.      Simple  and  symmetrical 

fig.  370. — Regular  Fifteen-end  Twill 

as  the  pattern  is,  therefore,  it  requires 
fifteen  different  heald  shafts  to  work  it. 

Supposing  we  designed  a  pattern  composed  of  fifteen  ends,  5  up, 
2  down,  2  up,  2  down,  2  up,  2  down,  to  be  repeated  on  every  pick, 
we  could  have  no  cloth,  but  only  loose  threads  of  warp,  some  lying 
over  and  others  under  the  weft.  Such  a  pattern  would  be  absurd. 
In  the  twill  there  is  always  the  same  number  of  warp  ends  lifted  and 
depressed  in  every  pick,  but  there  is  variation,  the  nature  of  which 
determines  the  twill.  If  the  design  is  closely  observed,  it  will  be 
seen  that  the  last  warp  end  of  the  one  line  becomes  the  first  on  the 
line  below.  Thus  we  arrive  once  again  at  the  old  truth  that  every 
pick  of  a  true  twill  shifts  along  to  right  or  left  a  single  warp  end 
from  the  one  preceding  it.  In  the  present  instance,  however,  the  fact 
has  acquired  a  larger  significance,  the  full  meaning  of  which  emerges 
as  our  study  of  the  subject  proceeds. 

Angle  of  Twill. — It  is  possible  to  manipulate  twills  in  various  ways. 
For  example,  a  special  feature  of  all  twills  is  the  angle  of  the  diagonal 
line  across  the  cloth,  formed   by  the  twill.      It  is  possible  to  change 


LINENS 


1,  Bleached  Cambric,  I14  warp  x  114  weft.  120s  and  170s  line  yarns. 

2,  Fronting  Linen.  96  warp  x  100  weft.  75s  and  iios  line  \arns. 

3,  Pillow  Linen.  74  warp  x  76    weft.  55s  and  70s    line  yarns. 

4,  Bleached  Diaper.  70  warp  x  78    weft.  50s  antl  55s    line  \'arns. 


LINEN    TWILLS 


1,  Twill  Linen.  52  warp  x  62  weft.  2  lb.  flax  dry  spun  warp  and  weft. 

2,  Three-end  Twill  Linen.     42  warp  x  52  weft.  2}^  lb.  flax  dry  spun  warp  and  weft. 

3,  Bleached  Twill  Linen.       60  porter  in  60  reed.     35s  line  wet  spun  yarn  warp  and  weft. 
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the  angle  by  taking  away,  in  a  definitely  regular  DDBBODBB 

method,  a  given  proportion  of  the  warp  ends  in  the  niilSnnS2n 

pattern.      Thus,   by  taking  away  DHID9HB 

■  n!Sn5       ^^^  fourth  warp  end  in  an  ordinary  55Sn!"2n 

DBDDBD        cassimere  twill,  you  obtain  a  steep  ■DDBBDnP 

DBBDBB       three-end  twill  Cfip-    n'71)  BBDBBBDB 

BBDBBn             Going  a  step  further,  we  select  BDBBBDBM 

SRSSR!       the  regular  eight-end  twill,   *^,  DBBaDBBn 

BDBBDB                   ^             ^                       '21'  DBBBDBBB 

DBDnBD        and   by  taking  away  every  alter-  BBDnBBDn 

SH52BB        nate  warp  end  form  the  four-end  BBBOBBBD 

BDDBDn         ,        ,    -ii     1.        •          A-            If  BnnBBaDB 

BBDBBD        steep  twill,  changing  a  diagonal  of  BBDBBBDB 

Fig.  37x.-Three.end    45  degrees  to  63  degrees  (fig.  372).  ^.^^  ,,,.-Fo.r-.ni  steep 

Fl^fr^TrTwr'"'^"'"          The  method  admits  of  almost  xwiii  derived  from  Eight-end 

t  our-end  1  wiU  Regular  Twill 

endless    expansion.       A    ten -end 
twill,   -^^o>   is  converted   into  a  steep  five-end  twill  (fig.   373).      The 
twelve-end  twill,  ^^~,   is  made  into  the  steep  six-end  twill  (fig.  374). 
The  sixteen-end  twill,  ^^-^,  is  converted  into  the 

steep   eight-end   twill    (fig.    375).      Similarly,    the  nnDDBBBB 

twenty-four-end   twill,    V^-W^2^'    is   changed  ■DBDBBBa 

into  the  twelve-end  steep  twill  (fig.  376);  and  the  niEDBBBDII 

twenty-eight-end  twill,   °^"^^^^„^^^ .^,  becomes  by  DDBBBBDn 

the    same    process    a    steep    twill    of   fine    pattern  nil552nnn 

(^g-   377).         nnBnBBnnBDBB  DBBBnanB 

nnDBBBDnnBBB  ■BBBPann 

aBnBBDnBnBBD  BBBaBaBn 

OBDBBDBDBB    DDBBBanDBBBn  55P2PSH5 

□DBBBDDBBB    BDBBDDBnBBaD  55SRHS25 

BnBBDBDBBn     aBBBDaDBBBDn  ■BDnDDBB 

DBBBDDBBBD    DBBDnBaBBDnB  BDBnBni 

DBBaBDBBDB       BBBDnDBBBanD  iinnnnr 

BBBnnBBBnn   BinnBaBBnaBD  dbdbdi 

BBDBDBBniin     BBaDDBBBDDDB  DDDDBb.. 

BBDDBBBnna     BnDBGBBDDBDB  BDBDBBBD 

BnBDBflnBnS    BDDDBBBnDDBB  DDDBBBBQ 

SnnillSnnBB     aaBDBBDDBDBB  nBDBBBDB 

nanSSnanSS   annBBBnnnBBB  ODBBBBDn 

nnaSInnMi     aBDBBnnBDBBn  BDBBBDBn 

■nSSSiniSS     aDBBBnaDBBBD  DBBBBDDn 

niiSRSSSSH    naBBDnaDBBan  DBBBnBDB 

nSin»ri22S2     DBBBDnDBBBDa  BBBBDnDa 

■52mS2S53S     DBBODBaBBnaB  BBBaBDHn 

S5S2SSSS2H   BBBnaDBBBann  ■BBnnnDB 

■■HSSSSHSS     BBaDBaBBDnBD  BBnBDBDB 

SnSHSSSSHS   BBnnnBBBnnnB  BBnnnDBJB 

!HS25!HS°"    BanBaBannBaB  BDBDBnBB 

BDDBBBDDBB     BDaDBBBDnDBB  ■nDDDBBB 

Fig-  373-— Steep  Five-end  Twill                     Fig.  374.— Steep  S«-end  Twill  from  Fig.  375.— Eight-end  Steep  Twill 

from  Ten-end  Regular  Twill                                Twelve-end  Regular  Twill  from  Sixteen-end  Regular  Twill 
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DaaiDDHaDDBinDHBDDBBaaBH 
aDBBBBDBBBBDBDBBBaaBaBBa 

DaBDnaaDDBanaaanDaBaaBBa 

DBBaBDBaBBaaaBBBBDBaaBGB 

aanDBBanaaaaaaaDBaaDBBaa 
aaBanBaaaDaaaBBBDBBBBaBn 
aDDaanDBBDaaaDaaannBHaGa 
aaanaaBBnanBBBBaBBBaaaaB 

DDaBDDaBDnBBDDBBDDBanDBa 
BHaBBBBDBaBnBBDaBBBaBaBB 
DBaaDBBDDBBDDBaDDaBaDBaa 
aDBBaBDBDBBBBDBBBBDBnBaa 

BBDaBBnDBaanaaaaBBaaBBnD 
DBBBaaaaaaBBDaBBBaBaBBBB 

BDDBanDBanDBBDDBBDDBflGDB 
BBBBDBaBBBBDBaBBDaDBBBaa 
DDBBDDBBDDBBaDBBDDBHaDaB 
■BBnBDBaaaDBBaBDaDBBBBDB 

DaBaDaaDDBBDnaBDuaaDDBBa 

BBDaDBBBBDBBBBaBDBBBBDBa 
BBaDBBDDBaDDaaDDBBaDBBDa 
■DBaBBBBDBBBBaBDBBBBaBBfl 

■GnaBaDBaaDBBDaaaaaaBaaB 

Fig.  376. — Twelve-end  Steep  Twill  derived  from  Twenty- four-end  Regular  Twill 

Such  a  method  has  obvious  limits,  and  the  textile  designer  likes 
to  be  free  to  handle  warp  and  weft  according  to  fancy.  Having  got 
twills  at  an   angle  of  63  degrees,  he  aims  at  twills  still  more  steep. 

nBaBaaBBaaBBDBBaaBBBaBBB 

GGGBBDaaBBBBDDaBBanaBBBB 

aaanBBBaBBBnBBBDBBaaBBBa 

GGBBGDaBBBBGDGBBaDDBBBflD 
aBGBBBGBaaaBBaaBBBDBBBGB 

GBBaGaBBBaDDnaBanGBBBBDa 

BGaBBaBBBDBBBDBBBGaBHGBB 
BBGnGBBBBGaGBBGDDBaBBnGD 
GBBBGaBaaBBBaBBBDBBBDBBB 
BDaaBBBBDDDBBDDDBBBBaaDB 
BaBGBBBnBBBGBBBDBBaGBaaa 

aGnBaaaaaaBBDaaBBBBanDBB 

BBGBBaGaBBGBBBaBBBDBBBaB 
GGBBBaGnaBBaaaBBBBDaDBBG 
BGBBBaBaBGBaBDBBBGaBBGBa 

DBBBBDDnBBaaaBBBBaaaBBaD 

aBBBGBBBaBBBGBBBaBBBaBBB 
BBBBGnGBBGGGBBBBaDDBBGGa 
BBBGBaBDBBBGBaBDBBaGBBBG 
BBBGGaBBDGGBBBBDDGaBGaGB 
BaaBBaDBBBGBBaaBBBDBBBDB 
■BDaaBBDDDBBBBDDaBBDDGBB 
BGBBBaBaBGBaBGBBBaBBBDBB 

BGaGBBGaaBBaaaaaBBDaGBBB 

Fig-  377- — Fourteen-end  Steep  Twill  from  Twenty-eight-end  Regular  Twill 
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The  method  employed  is   ingenious.      For  example,   let   us   take   an 
ordinary  thirteen-end  twill,    ^  ..^ ..    (fig".   378),   and  first   convert  it  into 


nDDHnnnHBB 

DDHDDnaBBHaBn 
aHDDGaaHBaBDD 
■GDDHHHBHBDDa 
□DnBHaBHBDnDH 
DDBBBBBBDanBa 
DBBBBBBDDDBDD 
BBBBBBDnDBnna 
■■■■BDDaBDnGB 
BBBBDDnBDDaBB 
BBBDaDBDanflBB 
BBGDDBGDGBBBB 
BDDDBDDDBBBBB 

Fig.  378. — Regular  Thirteen-hamess  Twill 

a  steep  twill  of  63  degrees  (fig.  379);    next  select  every  third  thread 
of  warp  in  rotation,  and  form  from  them  another  twill   pattern.      In 


DDaDBBBnaDBBB 
DBDBBBDnaDBBB 
ODDBBBOBOBBBa 
BnBBBDDDDBBBD 
DDBBBDBDBBBDD 
DBBBaDnDBBaDB 
DBBBOBaBBBDna 
BBBnnDGBBBDBn 
BBBDBaBBBDDDa 
BBaDDDBBBnBDB 
BflGaDBBBDDDDB 
BDDDDBBBDBDBB 
BDBDBBBDDDDBB 
□DDDBBBDBDBBB 
□BDBBBDDDDBBB 
DDDBBBDBDBBBD 
BDBBBDDDDBBBD 
DDBBBDBDBBBDD 
DBBBDDDDBBBDB 
DBBBGBDBBBDDD 
BBBDDDDBBBDBD 
BBBDBDBBBDGDD 
BBGDGDBBBDBDB 
BBDBDBBBDGDDB 
BDDDDBBBDBDBB 
BDBDBBBDDDDBB 

Fig.  379. — Steep  Twill  from  Thirteen- 
end  Regular  Twill 


DBDBBaaBBDDBB 

aDBBDBDBBDDBB 

DDBBDDBBDBDBB 

BDBBGDBBDDBBD 

DBflGBDBBnDBBD 

DBBDGBBDBDBBD 

DBBDGBBDGBBDB 

■BGBGBBDDBBDD 

■BDDBBDBGBBDG 

BBDDBBDDBBDBG 

■DBDBBaDflBDDB 

BGaflBDBDBBDDB 

BGDBBDDBBDBDB 

DBDBBGDBBDDI 

DGBBGBDBBGDI 

DGBBGGBBDBDI 

BGBBGGBBDGBflG 

DBBDBGBBDGBBG 

DBBDGBBDBGBBG 

DBBGDBBDnBBaB 

BBDBGBBDDBBaD 

BBDGflBGBDBBnD 

BBDDBBDDBBDBG 

BGBDBBDDBBGDB 

BGDBBGBDBBDaB 

BGGBBGDBBGBDB 

Fig.  380. — 70°  Steep  Nine-end  Twill 
from  Thirteen-end  Twill 


this  instance,   we  are  able  to  produce  a  fine   nine-end  steep  twill  of 
70  degrees  (fig.  380). 

This   method   leaves   some  of  the  warp  ends  of  the  original  twill 
out  altogether;    but  this   is  not   at   all    necessary.      On  the  contrary, 
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every  warp  end  can  be  fully  utilized. 
For  instance,  we  have  the  regular  six- 


aDHHBBBaaBHDaDI 

aDDBBGDHHHHHanHP 

■DDHBDaDBHaDaBBH 

DHHBBBnnBBDanBBD      teen-end  twill,  Vt^'  ^^^  ^Y  taking 

DDBBDnnSSnaSSBBB  ^^^^>^   ^^''^    ^^^^"^^   "^"    rotation,    and 

BBDnBBDnnBBDD  using  up  the  whole  of  the  warp  ends 

^^***-"*9S552y  on  that  system,  we  constitute  a  steep 

□  DBBODDBBDOB  twill  of  70  degrees  of  sound  structure 

(fig.  381). 

Diamond    Twills. — Ree:ular  twills 


IDD 
DD 
DDD 
DD 
DDBB 


IDD 

IDDD 
IDD 
BDD 
BnOD 

BBaoBBnaD 

DDBBBBBDD 
DDDBBDDBB 

BDDBBaaaB 

GBBBBBaDB 
DDBBDa 


DDD 
BDD 
DQI 
DDDI 
■  DQI 


DDI 

DDDI 

■DDI 
DDB 
DDDBBa 

DDBBD 


DD 


nan 

BBDD 
DDBB 
DDD 


DDB 

nan 

DD 


form  a  diagonal  line  across  the  cloth; 
but,  though  very  nice,  regular  twills 
lack  variety,  and  fail  to  satisfy  the  love 
of  art.  Every  designer  and  weaver 
wishes  to  make  various  patterns,  and 
the  first  step  to  patterns  is  variation 
DD  upon  twill.  An  obvious  variation  con- 
(-,     sists  in  reversing  the  direction  of  the 


BBBBaaBBDDaBBDDB 
BaaDBBBBBanBBDDa 
BBaDDBBDDBBBBBaa 
IDDBBDaaBBDaBB 
IDDBBBBHDDBBDaaB 

inaaBBaDBBBBBDaB 

laOBBDDDBBDaBBB 


Fig.  381. — 70°  Steep  Twill  on  Sixteen  Ends 


twill,  the  simplest  example  of  which  is 
what  is  known  as  diamond  (fig.  382). 
A  hand-loom  weaver  has  it  in  his 
power  to  reverse  the  twill  at  any 
moment  by  simply  changing  his  order 
of  treading,  taking,  4,  3,  2,  i,  instead 
of  I,  2,  3,  4,  in  a  four-end  twill,  and 

similarly  for  the  larger  ones ;  but  the  treading  plan  of  the  power  loom 

is  fixed  from  the  start.     Healding  and  order  of  weaving  require  to  be 

carefully  designed,  or  the  effect  is  confusion. 

Eight-end   Diamond  Twill. — As  a  simple  example  of  this  form  of 

tvvill,  let  us  take  the  eight-end  diamond  twill.     Order  of  weaving: — 

Pick  I.  Warp  ends — i,   2  up;    3,  4,   5  down;    6,  7  up;    8  down. 


— I  down;  2,  3  up;  4  down;   5,  6  up;  7,  8  down. 

—  I,  2  down;  3,  4,  5  up;  6,  7  down;  8  up. 

— I    up;    2,   3  down;    4  up;    5,  6  down;    7  up; 

8  down. 
— I,  2  down;  3,  4,  5  up;  6,  7  down;  8  up. 

—  I  down;  2,  3  up;  4  down;  5,  6  up;  7,  8  down. 
— I,  2  up;  3,  4,  5  down;  6,  7  up;  8  down. 

— I  up;  2,  3  down;  4  up;  5,  6  down;  7,  8  up. 


Healding   Plan   of  Eight-end   Diamond  Twill. — Let  us  now  look 
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at  the  healding  plan,  which  contains  the  secret  of  the  weave.     The 


I    7 


^U  ^1 

6    2 

^iin  ■ 

5  3 

^ 

Fig.  382. — Eight-end  Diamond  Twill 

draft    really    begins    on    heald    shaft    2,    but   we    shall    take    them    in 
order: — 

Heald  shaft  i  carries  warp  end  8;  heald  2,  i  and  7;  heald  3,  2  and  6; 
heald  4,  3  and  5 ;  heald  5,  warp  end  4. 


™ 


6' 


4- 


Fig.  383. — Herring-bone  Twill 


Herring-bone  Twill. — Many  of  those  simple  patterns  contain  nothing 
more  than  one  idea,  which,  when  stated,  gives  the  line  for  all  sizes 
and  kinds  of  the  same  pattern.     Extensions  of  the  pattern,  and  any 
number    of    variations,    readily    suggest 
themselves.     A  help  to  forming  a  clear 
conception  of  the  diamond  pattern  is  the 
simpler  form,  known  as  the  herring-bone 
twill  (fig.  383).     This  is  a  reversion  to 
regular  treading,   in   the  diamond  form. 

To  make  the  full  diamond,  as  has  been  said,  the  order  of  treading 
is  reversed;  keeping  to  the  same  order  right  through,  the  effect  is  a 
succession  of  half-diamonds,  or  a  range  of  zigzags,  which  present  the 
appearance  in  combination  of  the  outlines  of  a  herring  bone. 

Extension  of  Herring-bone  Twill. — The 
herring-bone  twill  is  of  much  service  in  the 
composition  of  many  fancy  patterns,  and 
it  is  therefore  worthy  of  further  study.  By 
using  the  cassimere  twill  on  six  heald 
shafts,  we  obtain  a  double  line  of  herring- 
bone twill  (fig,  384),  which  is  very  effective. 

A  larger  example  may  be  given  upon  a 
twenty-one-harness  pattern  (fig.  385).     The 

twill  is  regular,  viz.  '^o^2^2^2^2^2  >  ^^^  there  is  a  special  point  to  be 
observed.  The  draw  runs:  i,  2,  3,  4,  5,  6,  7,  8,  9,  10,  11,  12,  11,  10, 
9,  8,  7,  6,  5,  4,  3,  2.  Repeat:  22  warp-ends  and  21  picks  upon  a 
twelve-point  draw.  As  will  be  seen,  the  regular  twill  is  not  entirely 
repeated,  nine  threads  being  omitted. 
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aDHBBDDniiaBi:! 
DaBDiaDaaDiH 
aaDDDaaaDDDB 
BDDannannaDn 
DDaaaDDDaaaa 
aaaaaaaaaDaa 
aaDDDaaaanaa 
■DnaDDBDDann 

Fig.  384. — Herring-bone  Twill 
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ninnBnDBBnnBnDBnnBBHn  Another  kind  of 

BnDBDnBBnnBDnBnnBBBnn  hemn^-bone  twin  is 

DnBDnBBDnBDnBnnBBBnnB  ,  ^ °,             I 

DBnnBBnnBnnBnDBBBnnBn  produced  by, means  of 

BDDBBnnBnnBnnBBBnnBnn  a  fancy  reverse  draft. 

nnBBngBnnannBBBnnaignB  For  instance,  we  can 

DBBnnBnnHDDBBBnnBnnBD  ,,     ,'  . 

BHDnBnnanGBBBnnBnnBnn  ^^^^  ^  ^^^s^^^'  fi^^^^"- 

BDnBnDBnnBBBnnannBnDB  end  twin,  •^/^^^, 

DDBnnBnnBBBnnBDDBanBB  and    form   a   herrine- 

DBnDBnnBBBnnBnnBnDBBB  r    u  J     I.. 

nQBnnBnnBBBnnBnnBnDBB  ^°"^  ^^^^^^  (^s-   386) 

innBnDBnnBBBnnBnnBnDB  by  a  draft  as  fonows: 

■nnnBnnBnDBBBaDBnnBDa  —i  2  ^  a  <  a  -^ 

□BBnnBnnBnDBBBnaBDnBa  „  '   '  ^'  ^'  ^'  ;'  ^' 

nnBBDnBnDBnnBBBDnBnnB  i  ^'  ^'  2'  3»  4, 5, 6,  7, 

innBBnaBDDBnnBBBnnBna  »  s,  9,  10,  n,  12,  u, 


ID,  9,  8,  9,  10,  II,  12, 


nBDDBBDnBnDBnnBBBnnBa  ^ 
DnBnnBBnnBnnBnDBBBnni 
BaDBnnBBDnBnnBDnBBBnn  |  ^3,  h,  15. 

DBnDBnDBBnnBnDBnaBBBa   ^  Broken   Twins.— 

RSSHSSR2!SRSSR2SR255S   I      some  authorities  dass 

DBnnBnDBBnnBnnBDDBBBa  1     ,.        ,    ., , 

BnnBDnBBnDBnnBnnBBBnn  ?  diamond  twnis  among 
DnBnnBBnnBnDBDnBBBnnB    t      the  variety  of  broken 

DBnnBBnnBnDBDnBBBDDBa  |  .wins-  but  the  break 
BnnBBnnBDnBnnBBBnDBnn  [  ''^'"''  ,  ^^'  ^''^^ 
nnBBnnBDDBnnBBBnnBnnB  %  ^^^  h^^^^iy  ^e  re- 

DBBDDBnnBnnBBBDnBnnBn   i      garded  as  real;    it  is 

BBDGBnnBDnBBBnnBnnBna       ^  renetition  of  the 

BnDBnnBDDBBBanBnnBnnB  repenuon    or    me 

nnBDDBnnBBBnnBnnBnnBB  ^^^^^  ^^^ll   ^^  reverse 

nBnDBanBBBDDBnnBnnBBB  order.      By  a   broken 

nnBnnBnnBBBDnBnnBnDBB  ,w//  ^„  ^p„„  „  ^.„_ 

BDDBnnBnnBBBnnBDDBnnB  ^  ^^  ^ ^^^ 

BBnnBnnBnnBBannBnDBnn  ^^^ich  does  not  take 

naBnDannannaaBnnannBn  the  thread  in  regular 

DnaBDnanaannaaannannB  succession     The  es 

BnnBBDDaDnBnnaaannBna  succession,    me  es 

nannaannannBDaaaannan  sentiai  structure  of  a 

nnannaannBDnannBaannB  common  twin  consists 

annannaaDnannannaBBDn  •    ,,         1 

nannannBanaBnnannBBaa  ^"  ^^^  regular  repeti- 

DDanDBDnaanDannannBaa  tion  of  a  given  com- 
bination of  weft  and 

warp,  beginning  one  warp  thread  to  right  or  left  each  successive  pick. 
Broken  twills  change  the  order  variously,  the  chief  kinds  being  the 
diaper,  satin,  corkscrew,  and  hopsack. 

Diaper. — The  term  diaper  has  two  different  meanings:  the  diaper 
weave  and  the  diaper  cloth.  Certain  small  figurings  also  are  named 
diapering.     The  diaper  which  is  of  interest  to  us  at  present  is  practi- 
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cally  a  kind  of  broken  diamond  twill,  the  first  and  last  picks  of  the 
pattern  being  reproductions  of  each  other  instead  of  opposites.      The 

DDHnnnBnnnBnnBBnDBnnnBnnDHnnwHH 
DBnnHnDHninnBBnnBDnHnniDBnnBHBn 

BDDBBBDDBDDBBDDBDDBBBDDBDDBBBaa 
DDBBDBBDDDBBDDBDDBBBBBDDDBBBGDB 
DBBDDDBBDBBDDBDDBBBDBBBDBBBDaBa 
BBDDBDDBBBDDBnDBBflDDDBBBBBDDBDa 
BDDBDBDDBDDBDDBBBDnBDDBBBDDBDDB 

DDBnnnBnanBDnBBBnnBnBnnBDDBnDBB 
DBnnBDnBnBnnBBBDnBDnnBnnnBnnBBD 

BnnBBBDDBnDBBBDDBDDBnDBDBaDBBDn 
DDBBBBBDDDBBflDDBDDBBBDDBDDBBDDB 
DBBBDBBBDBBBDDBDDBBDBBDDDBBDDBD 
BBBDDDBBBBBDDBDDBBGDDBBDBBDaBDD 
BBDnBDnBBBDDBaaBBDaBDnBBBDnBaDB 
BaDBDBDDBaaflDaBBDDBDBDDBDDBDaBfl 

Fig.  386. — Herring-bone  Twill  (Fifteen-end  Twill  produced  by  fancy  draft) 

essential  quality  of  diaper  is  that  it  flushes  three  ends  of  warp  in  suc- 
cession, and  then  a  pick  of  weft;  then  the  weave  is  reversed.  Details 
of  a  four-end  diaper  weave  (fig.  387)  may  be  given  thus: — 

Pick  I.  Warp  ends — i  up,  2  up,  3  down,  4  up,  5  up,  6  down. 

,,     2.  ,,          — I  up,  2  down,  3  up,  4  down,  5  up,  6  up. 

,,     3,  ,,         — I  down,  2  up,  3  up,  4  up,  5  down,  6  up. 

,,    4.  ,,         —I  up,  2  up,  3  down,  4  up,  5  up,  6  down. 

Healding  Plan  of  Diaper. — As  may  be  inferred,  four  heald  shafts 
are  sufficient  to  carry  this  warp.     If  a  minimum  were  desired,  three 

would  serve. 

Heald  shaft  i.    Warp  ends  i,  4. 

,,  2  ,,  2,  6. 

>5  3'  '»  3'  5* 

,,  4-  >>  I'  4- 

Treading  Plan. — Commencing  on  shaft  i,  with  tread   i,  we  work 
the  healds  in  regular  succession,  and  turn  back  to  repeat 
treads  3  and  2  as  5  and  6.     Here  it  may  be  observed     [JBUUU 
that   the  method  of  stating   these    particulars    is   much 
simpler  than  that  commonly  adopted  by  designers;   but 

.  ,  ,  Fig.  387. — Three-leaf 

the  system    is  so  simple  that   it   needs  no  apology  or  Diaper 

comparison  with  that  commonly  employed.      In  every 
particular  the  merely  technical  jargon,  and  absurdly  technical  forms, 
in  which  a  good  deal  of  cloth  designing   has  been  embodied,   have 
been  wholly  discarded. 
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Fig.  388. — Satin  or  Broken  Twill 


Satin  Weaves. — By  a  curious  contradiction,  the  broken  twill  known 
as  satin  or  sateen  (fig.  388)  is  designed  to  produce  cloths  with  the 
smoothest  surface  possible.  Whether  warp-flushed  or  weft-flushed, 
the  cloth  is  given  the  face  of  the  yarn  which,  as  we  say,  is  flushed. 

It  is  obvious  that,  to  obtain  such 
a  surface,  the  regular  twilling  must 
be  departed  from;  the  eye  must  be 
tricked  in  some  way,  so  that  the 
binding  threads  shall  not  interfere 
with  the  regular  surface  of  the 
yarns.  The  method  by  which  the 
purpose  is  effected  is  at  once  in- 
genious and  simple.  Say  that  we 
are  designing  a  warp-flushed  satin ;  then  the  binding  weft  is  never 
carried  over  two  adjoining  warp  threads  in  succession.  If  cloth  is  to 
be  produced  at  all,  the  weft  must  appear  at  certain  points;  but  by 
distributing  them  over  as  wide  an  area  as  possible,  and  in  such  order 
as  conduces  to  their  isolation,  the  weft  threads  can  be  practically  hidden 
from  view,  and  rendered  harmless  to  spoil  the 
smooth  appearance  of  the  surface  (fig.  389).  An- 
other quality  of  satin  cloth  is  also  to 
be  observed;  it  is  a  fine  cloth,  firmly 
woven,  and  of  high  textile  quality. 
The  binding  points,  therefore,  are  fre- 
quent, though  concealed.  As  a  matter 
of  fact,  every  warp  thread  in  the  pat- 
tern is  bound  in  by  a  weft  pick. 
Five-end  Satin  Weave. — The  simplest  example  of  satin  weave 
available  is  the  five-end  broken  twill  (fig.  390).  This  pattern  is 
complete  on  ten  threads,  five  warp  and  five  v/eft.     Therefore: — 

Pick  I.  Warp  ends — i  up,  2  up,  3  up,  4  down,  5  up. 
,,     2.  ,,         —I  down,  2  up,  3  up,  4  up,  5  up. 

,,     3.  ,,         —I  up,  2  up,  3  down,  4  up,  5  up. 

,,    4.  ,,         —I  up,  2  up,  3  up,  4  up,  5  down. 

,,     5.  ,,  —T  up,  2  down,  3  up,  4  up,  5  up. 


Fig.  389. — Satin  Weave 
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Fig.  390. —  Five-end 
Broken  Twill 


The  object  of  that  distribution  of  raised  and  depressed  warp  ends 
is  to  spread  the  depressed  ends,  flushing  weft,  as  widely  as  possible 
within  the  compass  of  the  pattern.  Closer  examination,  however, 
brings  out  the  fact  that  the  twill,   though  broken,   is  still  traceable. 
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Miss  one  pick  each  time,   and   you  see  that  the  succession  of  warp 
ends  is  a  regular  twilling  order. 

Eight-end  Satin  or  Blanket  Twill. —Before  considering  the  heald- 
ing  and  treading  plans  typical  of  satin  weaves,  let  us  take  an  example 
of  wider  scope  in  the  eight-end  broken  twill: — 

Pick  I.  Warp  ends — i  down,  2  up,  3  up,  4  up,  5  up,  6  up,  7  up, 
8  up. 

2.  ,,         —I   up,  2  up,  3  up,  4  down,  5  up,  6  up,  7  up, 
8  up. 

3.  ,,         —I  up,  2  up,  3  up,  4  up,   5  up,  6  up,  7  down, 
8  up. 

4.  ,,         — I   up,  2  down,  3  up,  4  up,   5  up,  6  up,  7  up, 
8  up. 

5.  ,,         —I   up,  2  up,  3  up,  4  up,   5  down,  6  up,  7  up, 
8  up. 

6.  ,,         —I    up,    2   up,    3   up,   4  up,    5  up,   6  up,   7  up, 
8  down. 

7.  ,\         —I   up,  2  up,  3  down,  4  up,  5  up,  6  up,  7  up, 
8  up. 

8.  ,,         — I  up,  2  up,  3  up,  4  up,  5  up,  6  down,  7  up, 
8  up. 


Because  the  pattern  has  already  been  given  as  the  typical  satin, 
it  is  unnecessary  to  repeat  the  figure. 

Rule  of  Draft. — No  warp  thread  is  crossed  more  than  once  in  the 
pattern,  and  yet  it  is  not  a  loose  cloth.  A  question  arises  at  this 
point  which  has  not  been  answered  definitely,  viz.  What  method  can 
we  adopt  for  finding  beforehand  the  picks  which  bind  each  warp  end? 
The  aim  is  the  widest  and  most  regular  distribution  possible;  by  long 
experience,  designers  have  discovered  the  best  methods  of  distribution ; 
but  a  definite  rule  would  be  much  better.  Four  is  not  a  common 
measure  of  all  numbers;  but  the  safe  rule  is  to  put  the  second  warp 
end  into  the  heald  one-fourth  the  total  number  of  healds  from  the  first. 
Under  this  rule  we  find  that  warp  i  passes  through  heald  shaft  i,  2 
into  shaft  3,  3  into  shaft  5,  4  into  shaft  2,  and  5  into  shaft  4 — in  the 
five-end  satin  twill.  One  shaft,  that  is,  must  be  taken  as  the  fourth 
of  five.  Similarly,  take  an  eight-end  twill,  we  miss  two  shafts  each 
time,  two  being  the  fourth  of  eight:  Pass  i  into  shaft  i,  and  omit 
two  shafts,  which  brings  us  to  shaft  4;  miss  other  two,  and  shaft  7 
is  the  next;    this  corresponds  with  the  weaves  already  detailed. 

Four  is  not  a  measure  of  every  number;  the  rule,  therefore,  seems 
one  which    must  admit  of  as   many  exceptions   as   it  governs.      But 
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perhaps  it  is  possible  to  stick  by  the  rule,  and  lay  down  the  law 
that  not  more  than  one -fourth  of  the  leaves  employed  are  to  be 
passed  over  in  healding.  For  the  sake  of  testing  this,  let  us  take  a 
seven-end  satin  twill. 

Healding  Plan  of  Seven-end  Twill. — To  avoid  the  obvious,  we 
elect  to  give  the  healding  plan  of  this  doubtful  seven-end  twill  (fig.  391) 
as  an  example  of  the  class  of  satin  twills: — 


Heald  s 

haft 

I. 

Warp  end  i. 

2. 

5- 

3- 

,,         2. 

4- 

6. 

5- 

3- 

6. 

>»         7- 

7. 

4- 

nnnnnnB 
nnHnDDn 

DDDDDHn 

Dinnnnp 
nnnDHnn 
■nnqnna 
nnniDDn 

Fig.  391.— Seven-end 
Satin  Twill 


Treading  Plans. — Another  view  of  the  subject  is  given  in  the  tread- 
ing plans.     The  treading  plan  of  the  above  runs  obviously:   i,  3,  5,  7, 
2,  4,  6. 

The  treading  plan  of  an  eight-end  satin  twill  is: 
I,  4»  7j  2,  5,  8,  3,  6. 

A  sixteen-end  twill  requires  a  treading  plan,  on 
the  same  basis,  in  this  order:  i,  6,  11,  16,  5,  10,  15, 
4,  9,  14,  3,  8,  13,  2,  7,  12. 

A  fourth  of  16  is  4;  therefore  the  drawing  plan 
misses  four  heald  shafts  at  each  end. 

Variations  on  Satin  Basis. — Binding  in  unity  the 
whole  of  the  threads  of  a  pattern,  with  the  fewest  possible  number  of 
crossings,  the  satin  weave  offers  a  sound  basis  for  any  kind  of  pattern. 
The  single  pick  flushed  at  so  wide  intervals  can  readily  be  included  in 
the  picks  coming  together,  or  utilized  for  a  feature  of  the  pattern  by 
itself.  The  only  point  of  importance  to  be  remarked  at  present  about 
those  patterns  is  that  the  number  of  heald  shafts  and  threads  in  the 
pattern  must  not  exceed  the  number  which  would  be  employed  in 
the  satin  weave  alone.  Within  the  limits  indicated,  a  wide  range  of 
patterns  lie  to  the  hand  of  the  designer.  Examination  shows  that 
the  satin  is  a  kind  of  skeleton  twill,  which  may  be  filled  up  in  almost 
any  direction.  The  satin  point  may  be  made  the  centre,  the  right- 
hand  or  left-hand  corner,  the  first  of  a  vertical  series  or  the  last. 

Round  or  Corkscrew  Twills. — One  of  the  most  popular  adaptations 
of  the  satin  order  is  the  twill  commonly  called  the  corkscrew,  though 
why  that  name  should  have  been  given  the  pattern  is  more  than  we 
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can  guess.  There  is  no  spiral  line  in  the  pattern,  such  as  we  might 
expect  from  the  name.  One  feature  common  to  all  corkscrews,  how-, 
ever,  may  have  suggested  the  name,  and  that  is,  the  continuous  weave 
from  one  warp  thread  to  another.  Let  us  explain.  The  satin  weave 
crosses  each  thread  once  in  the  pattern ;  this,  as  we  have  seen,  in- 
volves a  certain  method  of  distribution  of  picks,  which  we  tried  to 
define  as  missing  not  more  than  one-fourth  of  the  total  number  of 
heald  shafts  with  each  warp  end,  and  not  less  than  the  possible 
approximation  to  one-fourth  of  the  shafts.  Now,  suppose,  instead 
of  missing  every  pick  except  one,  the  heald  shaft  takes  every  pick 
intervening  between  it  and  the  next  shaft,  we  would  have  a  corkscrew 
pattern.  Two,  three,  or  four,  or  any  number  of  picks  may  be  made 
the  unit.  Revert,  for  instance,  to  the  eight-end  satin,  and  convert 
it  into  a  corkscrew,  thus: — 

ck   I.   Warp  ends — i  up,   2  down,   3  up,  4  down,  5  down,  6  up, 
7  down,  8  down. 

2.  ,,  — I    up,   2  down,  3  down,  4  up,  5  down,  6  up, 
7  down,  8  down. 

3.  ,,  — I    up,  2  down,  3  down,  4  up,  5  down,  6  down, 
7  up,   8  down. 

4.  ,,  — I    down,  2  up,  3  down,  4  up,  5  down,  6  down, 
7  up,  8  down. 

5.  ,,  — I    down,  2  up,  3  down,  4  down,  5  up,  6  down, 
7  up,  8  down. 

6.  ,,  — I    down,  2  up,  3  down,  4  down,  5  up,  6  down, 
7  down,   8  up, 

7.  ,,  — I  down,  2  down,  3  up,  4  down,  5  up,  6  down, 
7  down,  8  up. 

8.  ,,  — I   up,   2  down,   3  up,  4  down,   5  down,  6  up, 

7  down,  8  up. 

Analysis  of  the  weave  (fig.  392)  shows  that,      DDHlClinHnH 
so  far  as  the  pattern  extends,  each  satin  pick  has      LiUHLJHLJLJH 

other  two  attached  to  it,  implying  that,  instead      rnSrnrnSriBi^ 

r       ^       I  1     ,     r  1  1      •  1  I '■■' ILJHI IHI I 

or  a  heald  shaft  operatmg  only  once  dunng  the      nHnBIZinHIZ] 

making  of  the  pattern,  it  continues  to  work  until      ■□□HIZinHllZl 

the  shaft  carrying-  the  next  warp  end  comes  into      HHHDHOHnC] 

play.  ■DBnaaaa 

Other  patterns  of  the  same  type  can  be  woven,      ^'^-  ^^^■~^°^!^^°' corkscrew 
either  on  larger  satin  bases,  or  with  fewer  picks 

on  the  warp.  The  flushing  of  weft  for  warp,  or  warp  for  weft,  also 
plays  a  highly  important   part   in  this  form  of  pattern.      The  warp- 
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flushed  satin,  if  followed   out   in   the  above  style,   becomes  the  very 
opposite,  and  a  weft-face  cloth. 

Hopsacks.  —  The  pattern  variously  known  as  the  mat^  hopsack^ 
Celtic,  or  basket  weave  is  easily  built  up  on  a  satin  basis,  though  it 
may  claim  to  stand  by  itself.  Keeping  both  in  view,  however,  suppose 
it  is  required  to  produce  a  hopsack  on  an  eight-end  satin  basis;  the 
method  to  be  observed  would  differ  a  good  deal  from  that  given  above. 
Taken  broadly,  a  hopsack  is  a  plain  weave  carried  out  on  a  large 
scale.  The  alternation  is  of  groups  instead  of  single  threads.  The 
order  is  as  follows: — 

Pick   I.   Warp  ends — i  up,   2  down,   3  down,  4  up,   5  up,  6  down, 
7  down,  8  up. 

2.  ,,  — I   up,   2  down,  3  down,  4  up,   5  up,  6  down, 
7  down,  8  up. 

3.  ,,  — I   down,  2  up,  3  up,  4  down,   5  down,  6  up, 
7  up,  8  down. 

4.  ,,  — I  down,   2  up,  3  up,  4  down,   5  down,  6  up, 
7  up,  8  down. 

5.  ,,  — I  up,   2  down,  3  down,  4  up,   5  up,  6  down, 
7  down,   8  up. 

6.  ,,  — I   up,   2  down,  3  down,  4  up,   5  up,  6  down, 
7  down,  8  up. 

7.  ,,  — I  down,   2  up,   3  up,  4  down,   5  down,  6  up, 
7  up,  8  down. 

8.  ,,  — I  down,   2  up,   3  up,  4  down,   5  down,  6  up, 
7  up,  8  down. 


■DDBBaDH 
■DDHBDDI 
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DBBDnBBD 
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DBBnDBBD 


Fig-  393-— Hopsack 


In  reality,  these  are  but  four  picks  twice  repeated 
(fig.  393).  An  interesting  change  in  the  relations 
of  the  warp  ends  to  each  other  is  here  brought  about. 
The  satin  weave  required  all  the  eight  heald  shafts; 
but,  if  we  analyse  the  hopsack  weave,  we  find  that 
four  heald  shafts  will  answer  quite  well,  i  and  8, 
2  and  3,  4  and  5,  6  and  7  w^arp  ends  operate  alike 
at  all  times,  and  may  be  carried  on  one  heald  shaft. 
Very  large  hopsacks  may  be  woven ;  eight  heald  shafts  give  a 
pattern  of  sixteen  warp  ends,  forming  large  squares. 

Twilling  Serges. — The  old  name  for  serge  was  "double  jean", 
and  the  term  conveyed  something  of  the  nature  of  the  weave.  A 
favourable  example  for  the  purpose  of  observation  is  the  eight-end 
serge  (fig.  394).  The  feature  most  obvious  is  the  flushing  of  warp 
and  weft  in  alternate  sets  of  four,  with  a  shifting  of  each  successive 
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Draft 


Design 


pick  in  the  common  twilling  manner.  This  gives  a  broad  twill  effect 
on  the  cloth,  with  an  equal  flush  of  warp  and  weft,  forming  a  very 
fine  and  compact  cloth  of  great  service.  Another  point  to  note  is 
the  drafting.  It  begins  on  the  back  leaf  and  takes  each  alternate 
leaf,  up  to  the  fourth  warp  end ;  then  the  draft  returns  and  begins 
with  end  5  on  the  second  leaf.  This,  if  the  treading  were  carried 
straight  through,  would  make  a  pattern  wholly 
different  from  what  is  shown  on  the  pattern 
design ;  but  the  treading  follows  the  order  of  the 
draft,  and  restores  the  relations  of  the  warp  ends 
to  each  other. 

Summary. — In  detailing  the  simple  twills  we 
have  aimed  at  directness  of  practice  and  brief 
statement  of  principles  only.  Having  grasped 
the  leading  ideas,  the  student  can  go  on  making 
all  the  different  ranges  of  similar  twills.  It  is  as 
easy  to  make  ten  twill  patterns  as  to  make  one, 
when  the  principle  has  been  understood.  By 
multiplying  instances  we  might  give  an  appearance  of  complexity  to 
a  very  simple  matter.  Upon  a  mastery  of  the  plain  weave  and  the 
main  twills  depends  the  success  of  a  designer  or  weaver  in  the  higher 
branches  of  textile  art.  All  the  fabrics  which  we  may  designate  as 
plain  in  contradistinction  to  the  class  called  fancy,  gauze,  figured,  or 
plush  fabrics,  are  based  on  these.  Even  those  fabrics  can  only  be  fully 
carried  through  by  observing  the  principles  of  weaving  laid  down. 


.—II )l !l— - 

5"-:  I 9^ 

-—Si ?MMi— - 

i: »[ 1!- 

)>-^h-5t )H 

*-3l 1— >1— - 

1  T  A     4Ti. 


6    a 


Tie-up  and  Treading  Plan 
Fig.  394. — Eight-end  Serge  Twill 


CHAPTER   IV 

Re-arranged  Twills  and  Checks 

Pattern  in  One  Colour. — Pattern  has  two  aspects.  On  one  side 
it  is  a  variation  on  the  surface  of  the  cloth,  appealing  to  the  eye  and 
the  sense  of  beauty ;  on  the  other  side  the  pattern  is  the  cloth  structure. 
Sometimes  an  opposition  occurs  between  soundness  of  structure  and 
surface  appearance.  Ideally,  the  most  beautiful  patterns  are  the 
soundest  in  structure ;  but  we  live  in  a  world  where  the  ideal  is  seldom 
realized.  Textile  manufacture  is  a  practical  business;  cheapness, 
attractiveness,  and  even   pretentiousness  often   gain  the  favour  of  the 
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market,  while  genuine  and  permanently  valuable  qualities  fail.  Tech- 
nical rules  may  be  defined,  prescribing  the  respective  spheres  of 
structure  and  ornament;  but  there  is  no  means  of  enforcing  them. 
The  manufacturer  who  makes  cloths  that  sell  will  prosper,  no  matter 
how  far  he  may  transgress  the  limits  laid  down.  The  public  buys 
what  pleases,  and  it  is  even  alleged,  with  some  show  of  proof,  that 
quality  in  cloth  is  not  greatly  desired.  In  judging  between  structure 
and  appearance  we  have  to  guard  against  mere  technical  prudery. 
The  aim  of  the  pattern  designer  ought  certainly  to  be  the  production 
of  sound  cloth;  but  attractiveness  of  appearance  should  also  modify 
the  weave  when  it  cannot  be  otherwise  achieved.  Concession  to  the 
popular  desire  only  stops  short  of  really  bad  structure  if  the  manu- 
facturer is  prudent.  Unless  such  a  latitude  is  allowed,  we  shall  find 
that  textile  theory  and  manufacturing  practice  have  become  hopelessly 
at  variance. 

Bad  Structure. — There  are  several  ways  in  which  a  cloth  may  be 
badly  constructed.  For  example,  the  pattern  may  be  wholly  unsuited 
to  the  kind  of  fibre  and  thickness  of  the  yarn.  A  large  twill  would 
make  a  very  loose  piece  of  cloth  in  thick  woollen  yarns,  or  any  kind 
of  thick  thread,  while  it  would, suit  very  well  a  fine  worsted,  a  cotton, 
linen,  or  silk  yarn.  Broad  flushes  of  cotton  weft  of  low  counts  make 
weak  cloth,  while  the  same  flushes  of  worsted  or  linen  yarns  of  the 
same  diameter  would  form  splendid  cloth.  Cotton  of  los  count  is 
of  equal  diameter  with  15s  worsted;  but  while  the  latter  makes  a 
very  sound  cloth  in  a  16-end  twill,  the  former  would  form  a  cloth 
altogether  bad. 

Lack  of  balance  between  one  part  of  the  pattern  and  another  is 
a  more  serious  and  more  common  fault.  Here  the  main  barrier  to 
absolute  freedom  in  choice  of  patterns  is  encountered.  The  larger 
the  flushes  of  warp,  the  greater  the  number  of  warp  threads  which 
may  be  woven  in  the  inch,  but  the  shorter  the  length  of  warp  con- 
sumed; the  same  is  true  of  weft.  Should  it  happen,  therefore,  that 
a  part  of  the  design  flushes  warp  or  weft  in  larger  proportion  than 
other  parts,  and  with  no  compensating  device,  the  structure  of  the 
cloth  will  be  defective.  From  every  point  of  view  except  this,  an 
eight-end  satin  and  a  cassimere  twill  could  be  woven  in  stripes  on  a 
cloth ;  but,  unless  some  method  of  balancing  them  were  adopted,  the 
cloth  produced  would  be  a  very  queer  fabric  indeed.  Those  two 
excellent  weaves — probably  the  finest  we  have^would  not  produce 
a  satisfactory  cloth.     One  reason  is  that,  according  to  our  calculations, 
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the  cassimere  twill  takes  up  one-eleventh  of  the  length  of  the  warp  in 
the  fold  of  warp  over  weft,  while  the  satin  weave  only  consumes  one- 
twentieth.  We  should  require  two  separate  warp  beams.  In  actual 
fact,  the  two  weaves  are  frequently  employed  in  making  double-face 
cloths,  and  two  warp  beams  are  used. 

The  far-reaching  influence  of  these  simple  facts  can  hardly  be 
appreciated  without  a  fuller  knowledge  of  weaving  and  designing 
than  is  at  present  supposed  to  be  ours.  However,  the  main  point 
is  clear.  Unless  provided  for  otherwise,  the  crossings  of  warp  with 
weft  must  be  equal  in  the  completed  pattern. 

When  two  different  orders  of  weaving  are  combined  to  form  a 
pattern,  the  joining  of  the  weaves  requires  careful  adjustment.  Unless 
great  care  is  taken,  the  joining  of  the  two  patterns  may  form  a  weave 
contradictory  of  the  principles  of  both,  and  make  a 
confused  jumble  just  where  clearness  is  specially  to 
be  desired. 

Stripes,  Checks,  and  Plain  Figures. — The  simplest 
method  of  obtaining  a  striped  effect  with  yarns  of  one 
colour  is  by  reversing  a  broad  twill,  as  indicated  in 
the  diamond-twill  order.  An  eight-end  twill,  warp- 
flushed,  3  up,  2  down,  I  up,  2  down,  woven  from  right 
to  left  and  left  to  right  alternately,  each  pattern  complete,  is  a  very 
common  stripe  in  woollen  and  worsted  cloths.  Carried  to  sixteen  ends, 
the  same  pattern  shows  very  well  in  fine  cotton,  worsted,  and  silk. 

Some  Other  Stripes. — A  neat  stripe  is  made  with  a  six-end  pattern 
(fig.  395),  formed  of  a  simple  four-end  twill  and  plain  weave,  the  com- 
plete pattern  being  alternately  reversed.  The  draft  and  treading  of 
this  stripe  are  not  different  from  those  of  the  same  patterns  taken 
alone. 

Advancing  a  step  farther,  we  take  as  an  example  of  combined 
weaves  two  common  eight -end  patterns.  Taking  the  whole  as  a 
sixteen -end  pattern,  to  be  completed  in  eight  picks,  it  weaves  in 
this  style: — 
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DBDHDH 
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Fig.  395. — Six-end 
Pattern 
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Though  there  are  sixteen  ends,  several  warp  ends  in  each  part  act 
always  in  the  same  way,  and  so  can  be  drawn  on  the  same  heald 
shaft.     The  pattern  can  be  worked,  therefore,  on  eight  shafts. 

Draft. — The  plan  for  discovering  a  shaft  of  a  complicated  weave 
is  to  note  all  those  warp  ends  which  are  lifted  or  depressed  in  the 
same  way  all  through  the  pattern.  In  the  present  case  the  method 
presents  no  difficulty: 

Warp  ends — i 


—2       9     13 


—4 

10 

14 

—5 

—6 

II 

15 

—7 

—8 

12 

16 

Heald  shaft  i 

2 
3 
4 
5 
6 


Treading  Plan. — In  essence,  the  treading  of  this  pattern  resembles 
closely  the  combined  patterns  which  compose  it.  The  order  runs:  i,  2, 
8,  13,  3,  4,  10,  14,  5,  6,  II,  15,  7,  8,  12,  16. 

Combined  Cord  and  Double  Tv/ill. — Another  very  common  pattern, 
though  never  stale,  is  the  combined  cord  mid  double  tvoill  (fig.  396).  It 
is  said  that  this  can  be  drafted  on  eight  ends,  the  pattern  being  repeated 
the  opposite  way ;  but  we  have  not  been  able  to  get  it  on  eight  shafts. 

These  patterns  are  being  given  as  illustrations  merely,  and  to  show 
what  is  commonly  done;  the  methods  of  achieving  them  come  after. 
We  may  note,  however,  some  interesting  particulars  in  the  combined 
cord  and  twill  which  do  not  take  us  beyond  the  principles  already 
known.  The  pattern  is  simply  made  by  making  a  rep  cord  on  a  cassi- 
mere  ground,  the  cassimere  being  reversed  every  four  ends  alternately. 
The  diagram,  if  examined  closely,  shows  the  variation  in  the  direction 
of  the  twill. 

Checks. — A  clieck  is  primarily  a  small  square  pattern;  checks  are 
made  by  weaving  squares  of  different  appearance  adjoining  each  other. 
On  the  surface,  checked  effects  seem  easy  to  produce;  find  two  different 
weaves,  and  arrange  them  in  squares  forming  a  larger  square  two  by 
two.  But  when  the  subject  is  gripped  closer  it  assumes  a  different 
aspect.  Patterns  which  suit  stripes  may  not  come  right  in  squares. 
A  certain  degree  of  break  between  one  stripe  and  the  next  is  per- 
missible; but  if  the  checks  are  to  form  a  solid  union,  the  patterns 
must  come  neatly  up  together  on  all  sides.  For  the  beginner,  the 
best  way  is  to  take  a  good,  sound  twill,  flushing  equal  warp  and 
weft,  as  a  basis.     The  reverse  of  that  twill  gives  the  second  square. 
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For  the  other  two  squares  find  another  twill,  also  equal  in  warp  and 
weft,  and  completed  on  the  same  number  of  ends  as  the  first.  Try- 
to  bring  the  twills  in  contact,  so  that  no  flush  of  either  warp  or  weft 
will  be  enlarged  by  the  joining.     It  may  be  said,  at  the  outset,  that 


IDDD 

isnn 
DHnn 
no 


Fig.  396. — Combined  Cord  and  Double  Twill 


this  is  an  ideal   rather  difficuU  to  attain;    but  the  best  should  always 
be  our  objective. 

Examining  the  pattern  given  as  an  example  (fig.  397),  we  note  a 
curious  similarity  between  the  two  squares,  though  the  weaves  are  quite 
different,  the  one  giving  ^-s^Ynr"'  while  the  other  is  a^^^r^-  ^^^ 
sum  of  flush  of  both  weft  and  warp  is  the  same  in  both  cases.  Closer 
examination  reveals  the  fact  that  they  are  the  identical  twill  merely  re- 
arranged.    The  discovery  is  very  important,  and  worth  following  up. 
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Re-arranged  Twills.  —  Before  going  further  with  checks,  let  us 
examine  as  shortly  as  possible  the  subject  of  re-arranged  twills,  which 
furnishes  for  the  designer  of  checks  a  highly  useful  device.  The 
practical  method  of  re-arranging  twills  is  to  take  a  twill  design  and 
cut  it  up  into  strips  of  warp  ends,  then  to  group  the  strips  to  constitute 
the  new  pattern.  However  we  may  choose  to  group  the  warp  ends 
we  are  sure  at  least  that  the  pattern  will  flush  the  same  amount  of 
warp  and  weft  as  in  the  original;  if  the  latter  is  a  sound  structure, 
the  former  has  a  good  chance  of  being  sound,  or  at  least  balanced 
within    the    pattern    itself.      A  large  example  will    fully  illustrate    the 
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IDDDBBHDDaDnBHDnBDDDDBDBBDHDBB 
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EBBDDanDBBDBBnaaBBDDBDDaDBDBBDBD 
BnDDDnBBDBBDDDBDDDDBDBBDBDBBaDB 
BDDDDDBBDBBnaDBBDBBnBDBBDDBaDDOB 
pODnnBBDBBnaaBBBDBBDDBDDDDBDBBnB 
dDDDBBDBBDDDBBBDBDDDDflaBBDBDBBDD 
□DDBBDBBDDDBBBDDBaBBDBDBBDDBDDDa 
DDBBDBBDDDBBBnDDBDBBaDBDDnDBDBBD 
DflBDBBaDDBBBaDDDDBODDnBDBBDBDBBD 
BBDBBDDDBBBDDDDDDBDBBDBDBBaDBDDQ 


Fig.  397. — Check  with  Combination  of  Two  Weaves 
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If  this  fine  twill  is  re-arranged  well,  the  result  will  be  a  very  good 
pattern.  Cutting  the  design  up  into  strips,  the  student  finds  several 
fair -looking    openings.      Bear    in 

mind  that  the  object  of  the  present  nnBBBHHnnnBHriHHn 
re-arrangement  is  chiefly  to  find  a  nBHBBHDnnHBDHHDD 
good     check    square,    though    the       ■■■■■DDDBBDHBDnn 

.•  .•   1    \      \a     ■  ^A     .    -11       ■■■■□□□■■□■■□□□■ 

action  certamly  should  yield  a  twill       ■■■DDDBBDHBDnnHB 

valuable    in    itself.      The    original       ■ODDDBBDlBDnDI 

twill    runs  at   an   angle  of  45   de-       ■□□□■■□■■□DDHI 

grees,  and  from  left  to  right;   sup 
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■BDBBDnDBBBBBDDD 

^    ,.  ,      -n     -u  r     ■□BBDDDBBBBBDDDB 

the  diagonal  twill  with  a  square  01      DBBDnDBBBBBDODBB 

four  flushes  of  warp.      The  warp      BBDnDBBBBBDnDBBa 


pose  we   aim  at  a  twill  showing  a 
diagonal  of  30  degrees,  alternating 


■nDDBBBBBDaDBBDB 

/\2\c\-i\6\b\7\s  \^\/o\//\/s\a\/4^\/s\/S\ 


Fig.  398. — Re-arranged  Twill 


flush  will  be  the  same  in  the  aggre- 
gate,  though  the    appearance  will 
be  altogether  different.     To  accom- 
plish this  object  the  warp  strips  are  changed  about.     As  a  b  .sis,  we 
keep  in  their  places  every  fourth  warp  thread,  with   i  to  start  with. 
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Whichever  way  these  two  squares  are  turned,  a  good  pattern  shows. 
Placing  the  original  pattern  as  i,  the  re-arranged  twill  as  2,  the  reverse 
of  the  original  as  3,  and  the  re-arranged  twill  reversed  as  4,  a  set  of 
squares  fitting  in  every  way  to  our  ideal  of  checks  comes  out. 

An  interesting  fact  emerges  in  this  check.  As  pointed  out,  warp  and 
weft  are  unequally  flushed.  If,  in  addition  to  reversing  the  twill,  the 
flush  of  warp  and  weft  is  changed  in  either  the  one  or  the  other  of  the 
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pairs,  the  balance  of  weft  and  warp,  so  much  to  be  desired,  will  be 
effected. 

Healding  and  Pegging  Plans. — Careful  examination  of  both  patterns 
shows  that  no  one  warp  end  acts  uniformly  in  the  same  way  as  any 
other.  Each  warp  end  must  be  healded  separately;  sixteen  heald 
shafts  are  required  to  complete  the  pattern.  The  interchange  of  cross- 
ing is  so  intimate  that  a  straight  gate  will  answer  as  well  as  any, 
unless  there  is  some  cause  in  the  sleying  for  altering  the  plan. 

The  numbers  given  above  guide  directly  to  the  pegging  plan; 
to  each  one  of  the  sixteen  picks  a  separate  peg  must  be  assigned, 
DnnB«n««nBnBBaBB  the  number  on  the  up  column  show- 
QHPIQPQPIIQHBQQQHB  ^^g  where  holes  are  to  be  made 
DBBnBBnnnBBDBBnB      and    the    numbers    on    the    down 

BDnnBBnBBDBnBBnB  ,  indicating-  Deo-s 

BnBBnBnBBDBBnnnB      column  maicatmg  pegs. 

BnBBnBBDnnBBnBBn  Basis  of  Re-arranged  Twill.— 

BBnDDBBnBBDBnBBn      Before  going  further,  it  is  perhaps 

BBnBBnBDBBnEBnnn     .  •  J  .         /.    ,u    u  • 

OBDBBnBBnnDBBnBB  advisable  to  revert  to  the  basis 
nBBDnnBBnBBDBnBB  upon  which  re  -  arrangement  can 
QB5S55S5SHBS5SS9      proceed,     it  is  not  enough  to  give 

BDBnBBnBBannBBDB     ^      .    ,  ,  1 

^|-n||^[-npr-]™»Q«p|— i^Qp  practical  examples;  some  general 
nDBBnBBDBDBBDBBn      principle  should  be  discovered.     In 

55P5SBHSB5SSQH5S  practice,  it  is  true,  the  weaver 
BBDBBDDDBBDBBDBD     \  '  .      ,    ^    ,  ' ,     ,     , 

\/\/^\//\s\s\2\f5\j2\(?\^\3\/^\/3\  io\  7  W\      Simply  tries  to  find  the  best  com- 
bination  for  making  a  given   pat- 
Fig.  599— Re-arranged  TvvilL  »  o  r" 

tern,  and  follows  the  plan  evolved. 
We  find,  however,  that  when  the  best  practice  is  analysed  a  regulating 
principle  can  be  deduced.  One  base  at  least  has  the  merit  of  regu- 
larity; it  is  named  the  satin  base.  Satin,  as  we  have  learned,  has  one 
characteristic  feature,  viz.  no  two  warp  threads  are  crossed  consecutively 
in  the  same  way.  This  gives  the  hint.  Separate  the  warp  ends  of 
the  twill  to  be  re-arranged  by  a  number  of  ends  which  will  not  divide 
evenly  into  the  total  number.  For  example,  two  will  not  divide  evenly 
into  five.     Therefore  we  have  this — 

Origfinal  Twill.  Re-arrang-ed  Twill. 

Warp  ends — i,     2,     3,     4,     5.  i,     4,     2,     5,     3. 

Warp  end  i  is  in  the  same  place;  but  we  advance  two  ends  for 
the  next  and  put  2  in  place  of  3;  advancing  other  two,  3  is  put  in 
place  of  5 ;  taking  i  as  the  first  of  the  next  pattern,  and  going  for- 
ward two  ends  from   3,   we   place  4  in   the   position   of  2:    last,  from 
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4  to  the  4  of  the  next   pattern  is  two  ends,  and  there  we  place  warp 
end  5. 

Other  twills  lend  themselves  to  this  method  of  re-arrangement.     The 
next  prime  number,   7,  affords  good  examples — 


Orig-'mal  Twill. 
Warp  ends — i,     2,     3,     4,     5,     6, 


Re-arrangfed  Twills. 
I.     5.     2,     6,     3,     7,     4. 
I,     6,     4,     2,     7,     5,     3. 


D 


DBDHD 
■■■DHDH 
■DHHBDHD 
DHDBHBDH 
■DHDBHHD 

naaiDaBB 

■DBDHDHB 
BBDBDBDB 

Fig.  400. — Diagram  of  Check, 
Three-end  Twill  and  Plain 


Analysing  these  examples,  we  find  that  in  the 
first  the  warp  end  has  been  removed  two  places; 
in  the  second,  three;  in  the  third,  four;  and  in  the 
fourth,  five  places. 

It  is  needless  to  multiply  examples.  Any  twill 
may  be  arranged  on  that  principle,  though  some 
may  not  make  as  good  patterns  as  others.  Ex- 
amine, for  instance,  the  sixteen-end  pattern  given 
as  illustration  first.     Three  is  a  number  which  will 

not  multiply  into  16.     We  have  always  the  option  of  proceeding  from 

In  this  case  the  direction   is  from 
Therefore  the  order  is:    4,  7,   10,    13,   16,  3,  6,  9,    12, 
i5i   2,   5,  8,    II,   14,    I. 

A  Delicate  Check. — Having  the  principle  of  re-arrangement  as  an 
instrument,  we  are  able  to  proceed  boldly  in  forming  any  variety 
of  checks.  Suppose  we  start  with  a  three-end  twill,  combined  with 
a  plain  ground  (fig.  400),  the  pattern  to  be  completed  on  eight  ends. 
The  original  pattern,  and  first  square,   is — 

Up. 


left  to  right  or  from  right  to  left, 
right  to  left. 


Pick  I 
2 
3 
4 
5 
6 

7' 


Warp  ends — 2 
— I 
— 2 
— I 
— 2 
— I 
— I 
— I 


Down. 

I     3     5 
248 

I     3    7 
268 


(fi- 


Re-arranging  the  twill  on  a  satin   base,  we  obtain  the  following 

:•  401):— 


Pick  I 
2 
3 
4 
5 
6 

7- 
8 


Warp  ends — 2 


Up. 
3     4 


6  8 

7  8 
6     8 


Down. 
I     5    7 
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Careful  comparison  shows  clearly  how  the  warp  ends  have  been 
changed.      We  have   adopted   the  above   method   for  the   purpose  of 
making  evident  at  a  glance  the  treading  plans  of 
both.      Another   table,   however,    may   be   given, 
showing  only  the  warp  ends  in  position,  and  the 


n 


■■DHDHDH 
■DIBBDHD 
DBDflnaHH 
■BIDBDHD 
DBDBBaDH 
BDBDBDBB 
DBBBDBUB 


Fig.  401.— Above  (fig.  400) 
Re-arranged 


be  stated  thus: — 


changes  which  occur  in  re-arrangement.  Though 
the  diagrams  accompanying  also  help,  nothing 
should  be  left  to  chance  or  risk  of  misunderstand- 
ing. Dealing  with  principles  only,  and  leaving 
further  extension  to  be  carried  out  experimen- 
tally, we  require  to  guard  against  the  very 
possibility  of  mistake.      Let  the  original   pattern 


Warp  ends — i 

2 

3 

4 

5 

6 

7 

8 

I  St  pick — down 

up 

down 

up 

down 

up 

up 

up 

2nd  ,,    — up 

down 

up 

down 

up 

up 

up 

down 

3rd    , ,    — down 

up 

down 

up 

up 

up 

down 

up 

4th    ,,    —up 

down 

up 

up 

up 

down 

up 

down 

5th    ,,    —down 

up 

up 

up 

down 

up 

down 

up 

6th    ,,    — up 

up 

up 

down 

up 

down 

up 

down 

7th    ,,    — up 

up 

down 

up 

down 

up 

down 

up 

8th    ,,   —up 

down 

up 

down 

up 

down 

up 

up 

According  to  the  principle  laid  down,  the  re-arrangement  should 
come  out:  i,  4,  7,  2,  5,  8,  3,  6.  Let  us  see  if  a  good  pattern  is  the 
result — 


iVarp  ends — i 

2 

3 

4 

5 

6 

'  7 

8 

ist  pick — down 

up 

up 

up 

down 

up 

down 

up 

2nd  ,,    —up 

down 

up 

down 

up 

down 

up 

up 

3rd    ,,    — down 

up 

down 

up 

up 

up 

down 

up 

4th    ,,    — up 

up 

up 

down 

up 

down 

up 

down 

5th    ,,    — down 

up 

down 

up 

down 

up 

up 

up 

6th    ,,   — up 

down 

up 

up 

up 

down 

up 

down 

7th    ,,    — up 

up 

down 

up 

down 

up 

down 

up 

8th 


-up 


up 


down 


The  transposition  of  the  columns  can  be  easily  observed. 

Combining  Re-arranged  Twills. — Hundreds  of  examples  might  be 
given  of  the  method  described;  but  no  good  purpose  could  be  served 
by  occupying  our  space  with  them.  A  further  step  remains  to  be 
taken  before  we  are  thoroughly  equipped  for  utilizing  to  the  full  the 
instrument  the  re-arranged  twill  has  put  in  the  hands  of  designers. 
First,  let  it  be  understood  that,  as  the  diamond  and  other  zigzag 
twills   have   already  shown,   a   twill    can    be    reversed   alternately  and 
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produce  a  very  fine  pattern.  Second,  we  can  combine  twills  of  different 
kinds.  But  there  is  a  distinct  limit  to  this  method.  If,  in  one  com- 
plete pattern,  say,  the  relative  flushing  of  warp  to  weft  is  three  to 
five,  and  in  another  the  flushing  is  seven  to  one,  those  twills  cannot 
combine.    On  the  other  hand, 

there  is  nothing  to  hinder  DBBBBnBBBDnnnBBnnnB 
two  twills  wholly  different  m  BBBBaBBBBaBBDnnDBBD 
nature  from  being  combined,  BDBBBBDBBnBBnnnBnnD 
provided  that  warp  and  weft     BBBDBBBBnBnnDBBnnDa 

u-   ^   •     u  .u   ■     □BBBBDBBBnnnDBBnnnB 

are  combined  in  both  m  HHnHBHBnBnnnBDDDBBn 
equal  ratios.  Expert  de-  BBBBaBBBBaBBDnDDBBD 
signers  overcome  the  differ-      BnBBBBDBBDBBnnnBnnD 

"^      ,         ■   .■    ,  .  u  BBBnBBBBnBDDnBBDnna 

ences  here  indicated  by  cun- 

,   •         .•  r   j_i  J  Fis.  402. — Combination  of  Ten-end  Twill  and  Five- 

ning  combinations  of  threads  harness  Sadn 

of  various    thicknesses ;    but 

that  device  is  far  beyond    the  skill   of  a  beginner,   and  can  only  be 

adopted  experimentally. 

The  safest  and   most  practical  plan   is  to  take  a  twill  of  a  given 

number  of  ends  as  basis,  and  find  how  many  patterns  can  be  produced 
from  the  given  number  of  ends, 

say,  4,  6,  7,  8,  or  as  many  as  may  nDBBDnBBnnBBnnBB 

be.     Having  found  the  patterns  SSSQBBBnBBDnBBnn 

by  re-arrangement  and  grouping,  HDDBBBnDBBnnBBnn 

next  see  how  one  or  two  sets  of  DDBBBDnBDaBBnaBB 

them  combine  DBBBDnBBnnBBnnBB 

tnem  comoine.  BBBnnBBDBBDnBBDn 

Even     though     the     patterns  ■BnnBBnnBBnDBBnn 

may  be  based  on  the  same  twill,  DnBBDDBBnnBBnnBB 

1*1-    HnpQ     nnf     ;i1w;ivt;     fnllmv     that        □□BBDDBBnBBDnBBB 

1  does  not  always  follow  that  HBnDBBnDBBnnBBBa 
they  will  combine  nicely.  A  dif-  BBDnBBDnBDnBBBDn 
ferent  grouping  of  the  ends  and      DDBBnnBBnnBBBnnB 

weave  may  result  in  a  fabric  alto-      22HBSS55SS5SS25S 

,  ^  1         ,        BBuuBBDDBBBnnBBD 

gether  looser  or  firmer  than  the      ■BDDBBIII'nBBnnBBnn 

S  ^'  Fig.  403. — Combination  of  Eight-end  Twill  with  Nine-end 

Combination      of      Different  twiu  on  sixteen  Ends 

Weaves. — We   can    now   return 

to  the  study  of  the  combination  of  different  weaves.  A  common 
example  is  the  combination  of  a  ten-end  twill  with  a  five-harness 
satin  on  nine  ends,  giving  nineteen  ends  in  all.  At  first  sight  it  would 
seem  that  there  was  a  serious  discrepancy  between  the  two  patterns 
combined ;    but   on    closer   examination    we   find   that   the    number  of 
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intersections  in  each  weave  is  equal.     This  diagram  (fig.  402)  clearly 
illustrates  the  principle  of  combination. 

Another  example  of  check  combination  of  unlikely  weaves  is  shown 
in  the  combination  of  an  eight-end  with  a  nine-end  twill  on  sixteen 
ends  (fig.  403).  We  put  together  eight  threads  on  four-harness  basket 
weave,  and  eight  threads  on  the  nine-harness  twill,  repeating  warp  and 


■DDHHDDaHaPflDniilipPflHaDgBDDHHnHBn 
■aDflHaDBHDDBDifllgdHPanDHBQngHnn 

DaBGaHHnnHBDalid.diHDnHBgpBHnalnn« 
■aDBHnDBannanDHMDaBHDDiinDBaiiMBin 
DDaaDDBiaDDflBnQafldQHBnnaHqBanggnH 
nBBnnBBanBBDBBDdflBDPBflanBBQEBdnfl 

BBDDBBnDBBnaBBadBBDDBBQPflaQBdgfln 
DnBBnnBBDQBBDDBBQPBaPnBBnBB^QBdnB 

DPBBaDBBnaBBDBBPdaaDnaanBaDapnBB 

BBDDBBDDBBDDBBDdPaailiBBDOBnDBDBBa 
BflDDBBDDBBnnBnDBBaaBBnnBnBBPBflQO 
DaBBDDBBnnBBDDBBaDBBPDBBGBBnBIIinB 
DaBBDDBBDDBflDBBnDBBaPBBnBDDBDPBB 
BBDDBBDDflBanBBnnBBaDBBDDBQDBPMBa 
BBDDBBDDBBaOBDDBBQnBBDnBDBBnHBDD 
DaBBnnBBnPBBDDBBnaBBDDBBnBBDBanfl 
naBBnDBBDnBBaBBDPBBDDBBPBnaBdPBB 

BBnDBBanflBnaBBaaBBnPBBanvonBqflBn 

BBDDBBDDaBDDBanBBQnBBnDflnBBDgBQO 

DaBaaDBBDnBBGBaDnaBnnaanBDnBDaaa 
nBanDBBnaaaDBnnaBnDBanDBnaaBDPBB 

BBnDBBDDBBDDBDDBBDPBBnn^DBBDBBDD 
BnnBBnnBflaDflaBBanBBDDBBPBBDDBBQa 
DDBBDDBBDDBBaBBnPBBDnBBDBQDBaDBB 
□BBnDBBaDBBDBDDBBnnBBDQBaPBBnnBB 
BBnnBBDnBBPaBPnBBDDBBaPBDBBQBBEin 

BanBBDnBBnDBnBBnnBBDDBBPBBnnBBnn 

DnBBPnBBnDBBaBBnPBBnnBBaBQnBDGBB 
DBBGDBBnDBBnBDaflBDnBBDDBnnBBDDBB 
BBDDBBDaBBDnBDDBBDDBBDDBaBBnBBnn 
BDnBBDDBBnaBdBBnDBBaaBBaBBDDBBDn 

Fig.  404.  — Four  Different  Combinations  of  Two  Weaves 

weft.     The  result  is  a  neat  check,  flushing  warp  and  weft  equally  on 
the  whole  pattern. 

Complex  Combinations. — By  way  of  illustrating  fully  the  principle 
involved,  we  adapt  from  Posselt's  Technology  of  Textile  Design  a  com- 
bination of  four  different  weaves.  Though  only  the  hopsack  and  the 
twill  methods  are  involved,  the  variations  in  the  ends  taken  to  form 
each   separate   part   of  the    pattern,   impart   to   the   whole   a   complex 
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4  X  12 

4  X  12 

4x4 

4  x4 

Hopsack 

Twill 

Nopsack 

Twill 

4  X  12 

4  X  12 

4x4 

4x4 

Twill 

Hopsack 

Twill 

Hopsack 

12  X  12 

12  X  12 

12x4 

12x4 

•4 -harness 

4- harness 

Hopsack 

Twill 

Hopsack 

Twill 

12  X  12 

12  X   12 

12x4 

12x4 

^-harness 

4-harness 

Twill 

Hopsack 

Twill 

Hopsack 

Fig.  405. — Explanation  of  fig.  404 

character.  The  pattern  itself  (fig.  404)  is  very  large  and  apparently 
difficult;  but  the  accompanying  diagram  (fig.  405)  gives  the  clearest 
and  fullest  explanation  possible. 


CHAPTER   V 
Drafting 

The  Principles  of  Drafting. — Incidentally,  and  as  a  practical  detail, 
drafting  of  patterns  has  been  touched  upon,  but  the  subject  is  one 
which  requires  careful  and  detailed  study  by  itself.  If  there  is  a  heald 
shaft  to  every  warp  end  of  the  small  pattern,  and  the  draft  is  straight, 
little  need  be  said ;  nor  even  in  small  patterns  with  two  warp  ends  on 
the  heald  shafts,  as  in  diamond  and  zigzag  patterns,  does  drafting 
signify  much;  it  adjusts  itself.  But  in  large  patterns,  with  stripes, 
checks,  figures,  not  to  mention  double  cloths,  extra  warps,  and  extra 
wefts,  the  subject  becomes  very  serious  and  complex. 

Economy  in  weaving  is  very  important,  and  the  more  rhounting  the 
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loom  carries  the  costlier  is  the  working.  With  this  in  mind,  let  us 
suppose  a  case.  We  have  to  weave  a  pattern  containing  sixty-four 
ends,  and  without  taking  the  trouble  to  examine  closely  into  the  nature 
of  the  weave  we  put  it  on  the  Jacquard  loom.  What  would  our  feel- 
ings be  if,  on  examination,  we  found  that  the  whole  pattern  could  be 
woven  on  four  shafts?  The  supposed  case  is  by  no  means  impos- 
sible, as  shall  be  shown. 

Healds  and  Treading. — Weaving  designers  have  two  instruments 
with  which  to  diversify  the  interplay  of  warp  and  weft.  The  one  is 
the  set  of  heald  shafts,  or  heald  cords,  and  the  other  is  the  method 
of  using  them — chiefly  the  order  in  which  the  warp  ends  are  put  into 
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Fig.  406. — Diagram  of  Heald  Shafts  and  Warp  Ends 


them,  and  the  succession  of  lift  and  depression.  The  simplest  way  of 
representing  the  heald  shafts  is  by  means  of  horizontal  lines,  crossing 
or  touching  vertical  lines  representing  the  warp  ends.  To  indicate 
what  warp  ends  run  through  the  heald  cords  carried  on  each  shaft,  a 
dot  is  put.  This  shows  the  warp  ends  carried  by  each  heald,  but  it 
does  not  indicate  the  order  in  which  they  are  lifted.  When  weaving 
plain  cloth  we  know  that  No.  i,  whichever  it  may  be,  is  followed  by 
No.  2.  Regular  twills  have  an  equally  regular  rule;  the  order  is  i,  2, 
3,  4,  and  again  i,  2,  3,  4,  without  change,  and  making  no  difficulty. 
It  by  no  means  follows,  however,  that  a  single  pair  of  heald  shafts  must 
always  weave  a  plain  cloth.  A  weft  cord  demands  an  irregular  treading 
plan,  for  instance.  A  three-pick  cord  would  read  i,  i,  i,  and  2,  2,  2, 
alternately;  or,  if  the  cord  was  4  and  2,  or  3  and  i,  as  the  case  might 
be,  the  treading  plan  would  be  diversified  accordingly. 

Machines. — A  surprising  number  of  variations  can  be  worked  on 
a  pair  of  heald  shafts;    elaborate  patterns  are  wrought  on  them.      It 
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would  seem,  then,  that  the  healding  plan  is  inferior  to  the  treading-, 
pegging,  or  cording  plan  in  its  influence  on  the  formation  of  pattern. 
This  fact  must  be  made  clear,  because  it  is  the  chief  cause  of  origin 
for  tappets,  dobbies,  and  Jacquard  mountings.  On  the  hand  loom  the 
weaver  can  vary  the  treading  as  he  pleases;  he  is  only  limited  by 
his  own  mental  capacity;  but  on  the  power  loom  the  treading  is  dis- 
tinctly determined  at  the  start.  The  tappets,  or  other  appliances  for 
lifting  and  depressing  the  heald  shafts,  are  shaped  to  actuate  the  shafts 
in  a  given  order,  which  cannot  be  varied  without  a  change  of  mount- 
ing. Though  tappets  may  be  shaped  to  give  24  variations  to  the 
lift  of  each  shaft,  and  geared  to  work  16  heald  shafts,  that  range  of 
variation,  wide  as  it  is,  has  not  sufficed.  A  machine  was  made  which 
would  work  more  heald  shafts,  and  upon  a  wider  scale,  viz.  the  dobby. 
As  we  have  seen,  the  dobby  machine  will  operate  from  6  to  40  heald 
shafts.  Nor  is  this  all ;  more  important  is  the  facility  which  the 
machine  possesses  for  varying  the  action  of  the  heald  shafts.  An 
endless  chain  of  lags,  or  other  gearing,  is  fitted  to  the  dobby,  and 
at  each  pick  directs  the  lifting  or  depressing  of  the  heald  shafts.  Each 
lag  of  the  chain  of  lags,  or  set  of  links  in  the  other  chain  mountings, 
previously  described  in  the  section  on  loom  structure,  has  a  different 
effect  on  the  shafts,  carrying  out  the  pattern. 

With  such  a  machine  variation  of  pattern  may  be  carried  to  great 
lengths ;  but  the  weaver  has  not  been  content  with  less  than  complete 
control  over  every  thread  in  the  warp  and  every  pick  of  weft.  Even 
forty  heald  shafts  carrying  a  warp  of  2000  ends  must  each  hold  50  warp 
ends  on  the  average.  Small  as  the  number  seems,  it  figures  large  in 
a  pattern.  To  lessen  the  groups  of  threads,  the  weaver  resorted,  first 
to  the  draw  loom,  and  then  to  the  Jacquard.  A  common  Jacquard  is 
a  mounting  of  double  hooks,  the  hooks  on  the  lower  end  holding  neck 
cords  carrying  cords  into  which  the  warp  ends  are  healded,  the  hooks 
on  the  upper  ends  being  acted  upon  by  lifting  knives.  Horizontal 
needles  push  the  upper  hooks  out  of  the  path  of  the  lifting  knives 
by  the  pressure  of  cards  on  a  cylinder,  the  cards  being  perforated  to 
allow  those  needles  which  are  to  remain  passive  to  pass  through.  The 
cards  are  bound  in  an  endless  chain,  and  revolve  upon  the  cylinder. 

Complex  as  the  Jacquard  really  is,  it  can  be  reduced  to  the  same 
simple  factors  as  the  simplest  set  of  healds.  Every  neck  cord  is  a 
heald  shaft,  and  every  needle  is  a  treadle;  the  cards  are  equivalent  to 
tappets.  Again,  every  card  prescribes  the  particular  action  of  every 
hook,   neck  cord,  and  group  of  warp  ends  at  each  pick  of  the  loom. 
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The  drafting  of  a  design  for  a  Jacquard  loom,  therefore,  differs  from 
that  of  a  simple  twill  in  degree  and  not  in  kind.  It  is  like  the  draft- 
ing of  a  great  many  twills  at  one  time. 

Pattern  Analysis. — When  a  designer  makes  a  pattern  he  is  sup- 
posed to  give  the  treading  plan ;  but  the  way  of  that  method  has  to 
be  learned.  Suppose,  for  the  sake  of  directness,  we  obtain  a  piece 
of  cloth,  and  analyse  it  to  obtain  a  knowledge  of  the  drafting  of  the 
pattern.  The  one  question  which  is  to  be  asked  of  the  cloth  under 
examination  is  what  threads  pass  over  what  threads.  This  involves 
two  sets  of  threads,  viz,  the  warp  and  the  weft;  for  the  present  we  will 
consider  the  weft  as  passive.  In  so  doing  we  bring  in  another  con- 
sideration— we  must  not  only  mark  the  number  of  times  the  warp  passes 
over  and  under  the  weft,  but  the  order  in  which  these  actions  take  place. 

Drawing  out  a  warp  end,  we  mark  carefully  the  succession  of  weft 
picks  which  have  passed  over  and  those  which  have  passed  under  it. 
This  warp  end  is  numbered  i.  The  next  warp  end  is  drawn  out,  and 
the  part  it  plays  in  the  pattern  marked.  All  the  warp  ends  in  the 
pattern  are  similarly  treated.  Now  we  go  over  each  one,  comparing 
it  with  the  others,  and  place  all  those  which  are  alike  together,  naming 
them  type  a.  Types  ^,  c,  and  so  on  are  selected,  if  there  are  so  many 
differences. 

The  principle  upon  which  selection  has  proceeded  ought  perhaps 
to  be  restated  here,  though  it  has  been  assumed  implicitly  for  some 
time.  Every  warp  end  which  operates,  on  the  whole,  differently  from 
every  other  in  the  formation  of  the  pattern  must  be  healded  separately. 
Conversely,  every  warp  end  which  operates  in  the  same  manner 
throughout  the  pattern  should  be  healded  on  the  same  shaft. 

Three  things  have  to  be  determined  now,  viz.  the  number  of  heald 
shafts  which  must  be  employed,  the  method  of  drawing  the  threads 
through  the  healds,  and  the  order  in  which  the  heald  shafts  are  to  be 
lifted  or  depressed. 

The  number  of  heald  shafts  to  be  employed  depends  upon  the 
number  of  warp  ends  which  pass  under  or  over  the  weft  at  different 
moments.  The  warp  ends  must  be  drafted  according  to  the  order  in 
which  they  occur  in  the  pattern.  Ends  Nos.  i  and  8  may  be  on  the 
same  shaft;  but  the  effect  both  have  upon  the  pattern  arises  from  the 
fact  that  they  are  i  and  8,  and  not  i  and  3.  The  treading  plan  must 
be  framed  according  to  the  order  in  which  the  warp  ends  carried  by 
the  heald  shafts  are  lifted  or  depressed. 

Reduction. — One  of  the   main  motives  for  pattern   analysis  is  the 
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reduction  of  the  number  of  heald  shafts  employed  to  the  lowest  mini- 
mum. Many  large  patterns  can  be  woven  on  a  small  number  of  heald 
shafts.     An  extreme  instance  is  the  following: — 

Example. — Here  is  a  neat  check  pattern  (fig.  407),  complete  in 
16  ends.  In  some  respects  it  is  hardly  typical,  but  it  may  be  allowed 
to  stand  as  an  extreme  case  for  the  purpose  of  illustrating  strongly  the 
principles  of  reduction.  Let  us  try  to  answer  the  three  questions 
upon  it. 

1.  Ho-vo  many  heald  shafts  are  required?  Warp  end  No.  i  is  up 
on  pick  I,  down  on  pick  2,  up  on  picks  3,  4,  5,  6,  down  on  7,  up  on  8, 
down  on  9,  up  on  10,  down 

on  II  12  n  14  upon  IS,      nBnDnnBDBnBBHBnB 

on  II,  12, 13, 14,  up  on  15,     BaBBBBDnnBDnnann 

down  on  16.  Warp  end  2  is  □HnnnDBnBDBBBBnB 
precisely     the     opposite     of        nBnnDDBnBDBBBBnB 

No.  I.  Warp  ends  3, 4, 5,     DBnnnDBnBnBBBBDB 

and  6  are  the  same  as  warp        nBnnnnBDBnBBBBDB 

end  I  No  7  is  the  same  ■□■■■■□■□■□□□□■□ 
end    I.      No.   7  IS  the  same        □HnnnnBDBDBBBBnB 

as  No.  2,  and  8  is  a  repeti-        BnBBBBDBDBnnnnBn 

tion  of  I.  Warp  end  9  is  nBnDDnBDBnBBBBnB 
No.  2  over  again,  and  10  BnBBBBDBnBnnnnBn 
repeats  i    Nos  11  12  i^     BaBBBBaBaBDnnDBD 

?TnH  \  rl^tt ?  .nd  ri      BaBBBBaBaBnaDDB D 

14,  and  16  repeat  2,  and  15  BnBBBBnBnBDDnnBn 
is  only  I  over  again.  nBnnnnBDBDBBBBnBT 

From  all  this  it  appears   T^BDBBBBnBnaDnaa.BD 
that  only  2  heald  shafts  are  Fig.  407.-check  Pattern 

required,   because  the  warp 

ends  belong  to  only  two  types.  When  the  one  is  up  the  other  is 
down,  and  vice  versa. 

2.  What  is  the  order  of  drafting?  Because  it  is  the  sequence  of 
the  warp  ends  which  form  the  pattern,  they  must  be  drawn  through 
the  heald  shafts  in  regular  order.  Where  a  warp  end  of  the  second 
type  comes  next  to  the  end  of  the  first  type,  it  must  be  healded  that  way, 
and  passed  through  on  to  the  proper  heald  shaft.  No.  i  is  on  shaft  i. 
No.  2  on  shaft  2 ;  3,  4,  5,  and  6  on  shaft  i ;  7  on  shaft  2,  and  8  on 
shaft  I.  Both  shafts  carry  an  equal  number  of  ends;  therefore  the 
order  of  the  next  eight  ends  is  reversed,  type  2  having  the  same 
number  on  shaft  2  as  type  i   has  on  shaft  i. 

3.  What  is  the  treading  plan?  The  treading  plan  contains  16 
motions,  but  the  second  8  motions  are  simply  the  opposite  of  the 
first.     The  plan,  therefore,  may  be  comprehended  in  two  lines:  Heald 
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shaft  I  up  on  picks  i,  3,  4,  5,  6,  8,   10,  15;  heald  shaft  2  up  on  picks 
2,  7,  9,   II,   12,   13,   14,  and  16. 

Combination. — The  opposite  of  analysis  is  synthesis  or  combina- 
tion. By  analysis  we  reduce  a  woven  pattern  to  its  component  parts ; 
by  synthesis  we  combine  small  patterns  to  make  large  ones,  simple 
weaves  to  form  complex  designs.  Having  at  command  all  the  varieties 
of  regular   twills,    broken    twills,    diamond,    herring-bone,   corkscrew, 
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Fig.  408. — Healdiiig  and  Treading  Plan 

and  round  twills,  hopsacks,  diapers,  and  cords,  it  would  be  surprising 
if  the  designer  could  not  construct  an  almost  endless  variety  of  designs 
from  those  simple  elements.  As  a  practical  fact  we  find  that  most 
patterns  and  figures  of  rectangular  form  are  nothing  more  than  com- 
binations of  simple  weaves.  Hence  the  supreme  need  for  the  students 
of  design  making  themselves  thoroughly  familiar  with  the  simple 
weaves.     They  are  the  key  to  nine-tenths  of  the  work. 

Small-figure  Patterns. — Textile  figur- 
ing is  an  almost  limitless  region,  where 
it  is  possible  to  wander  long  without 
coming  to  a  practical  point,  unless  strict 
limits  are  observed.  The  only  safe  method 
is  to  start  with  the  simplest  and  most 
essential  principles.  Our  present  quest 
is  to  find  a  basis  for  the  combination  of  small  patterns  into  large 
figures.  The  first  thing  to  do  is  to  acquire  a  clear  understanding  of 
the  method  by  which  the  small  patterns  themselves  may  be  diversified. 
Reverting  once  again  to  first  principles,  we  find  that  there  are  three 
ways  of  changing  the  form  and  appearance  of  a  simple  figure  pattern: 
I,  Altering  the  draft \  2,  altering  the  treading-^  3,  altering  both  draft 
and  treading. 

Example. — As  a  simple  illustration  we  select  a  six-end  diaper  twill, 
working  on  six  heald  shafts  (fig.  409).  For  the  sake  of  clearness  we 
enlarge  the  pattern  (fig.  410). 


1 

2 
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■^ 

MHHn  y       5 

hH  I  m\           (s 

Fig.  409. — Six-end  Diaper  Twill 
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VDDBaBBDnBDHBnDBDBBaaBDa 
DDBDBBDDBDBBDDBDBBDaBDBB 
DBaBBDDBnBBanBaBBDDBDBBD 
BDBBDDBDBBDDBDBBDDBDBBDD 
DBBDDBDBBDDBDBBDaflnBBDDB 
BBPaBnBBDDBDBBDDBDBBDDfla 
BDDBDBBDDBDBBDDBDBBDDBDB 
aDBDBBDDBDBBDDBDBflaDBDBB 
DBDBBDDBDBBDDBDBBDDBDBBD 
BDBBDDBDBBDnBDBBDDBDBBDD 
DBBDDBDBBDDBnBBDDBDBBDDB 
BBDDBDBBDDBDBBDDBDBBDDBD 
BDDBDBBDDBaBBDDBaBBDDBaB 
DDBDBBDDBDBBDDBDBBDDBDBB 
nBDBBDDBDBBDDBDBBDnBDBBa 
BDBBDDBDBBDDBDBBDDBDBBDD 
DBBDDBDBBDDBDBBDDBDBBDDB 
BBDDBDBBDDBDBBDDBDBBDDBD 
BDDBDBBDDBDBBDDBDBBDDBDB 
DDBDBBDDBDBBDDBDBBDDBDBB 
DBDBBDDBDBBDDBDBBDDBDBBD 
BDBBDDBDBBDDBDBBDDBDBBDD 
DBBDDBDBBDDBDBBDDBDBBDDB 
IDDBDBBDDBDBBDDBDBBDDBD 

Fig.  410.— Enlargement  of  Pattern  in  fig.  409 


nBBDDBDDBBDBBDDBDDBBDBBD 
BBDDBDBDDBBBDDBDBDDBBBDD 
BDDBDBDBDDBDDBDBDBDDBDDB 
nDBDBBBDBDDDBDBBBDBDDDBg 
HflDBBDBBDBDBDBBDBBDBDBDB 
-DBBDDDBBDBDBBDDgBBDBDBB 


nBBnnBDDBBDBBDDBDDL  _ 
BBDDBDBDDBBBDDBDBDDBBBDD 
BDDBDBDBDDBDDBDBDBDDBDDB 
DDBDBBBDBDDDBDBBBDBDDDBD 
DBDBBDBBDBDBDBBDBBDBDBDB 
flnflBnDDBBDflDBBDDDBBDBDBB 
nBBDDBDDBBDBBDDBDDBBDBBD 
BBDDBDBDDBBBDDBDBDDBBBDD 
BDDBDBDBDDBDDBDBDBDDBDDB 
nDBDBBBDBDDDBDBBBDBDDDBg 
nflDBBDBBDBDBDBBDBBDBDBDB 
BDBBDDDBBDBDBBDDDBBDBDBB 
nBBDDBDDBBDBBDDBDDBBDBBD 
BBDDBDBDDBBBDDBDBDDBBBDD 
BDDBDBDBDDBDDBDBDBDDBDDB 
DDBDBBBDBDDDBDBBBDBDDDBD 
DBDBBDBBDBDBDBBDBBDBDBDB 
BDBBDDDBBDBDBBDDDBIDBDBB 

Fig.  411.— Effect  of  Altering  Draft 
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1.  Altering  the  Draft. — The  draft  of  the  originar twill  is  a  straight 
gate.  The  treading  plan,  briefly  described,  may  be  said  to  direct  that 
three  treadles  are  up  and  three  down  each  pick — two  together  and  one 
a  leaf  apart,  changing  one  end  to  the  left  every  pick.  Intending  to 
make  a  larger  figure,  we  need  not  disturb  the  original  draft  unless 
necessary,  and  in  this  case  it  is  not.  Taking  another  six  warp  ends, 
we  draw  them  through  in  the  opposite  direction,  making  6  stand  in 

DaaDnaDHBDDHaaaDDHnaBDaB 
■■DDHaBHDDaDaBnnBDBaGnaa 

BDDanBaDnBDBBDDBDBBDDanB 
DDBDBflDnBPBBnnBDBBDDBDBB 
DBnBBnDBDBBDnBDBBDaBDBBa 
■DBBDaBDBBDDBDBBDDBnBBDD 

nBDBBDaBDBBaaflDBBanBaBBa 

DDBDBBDDBDBflDDBDBBaDBDBB 

■DDBDBBaDBDBBDDBDBBnDBDB 

BBaDBaflBDDBDBBaaBaBBDDBa 

DBBaaflaBBanBDBBaaBDBBDDB 

BBDDBaBBQDBDBBaaBnflBDDBD 

flDDBDflflaDBDBflDDBaBBDaBDB 

nDflDBBDDBDBBDDBDBBDDBDBB  . 

DBDBBDnBDBBDDBnBBaDBDBBD 

■DBBnnBDBBDDBDBBDDBDBBGD 

DBDBBDaBDBBQDBDBBDDBaBBD 

DDBDBBaDBDBBaaflDBBDDBDBB 

■DDBDflBaaBDBBnDBnBBaDBnB 

BBOnBDBBnnBnBBDaBDBBaaBD 

DBBDDBDBBDDBDBBDDBnBBDnB 

■BDDBDBBDDBDBBaGBDBBanBD 

■DDBDBBDaBDBBDnBDBBDDBDB 

naB'DBBDDBDBBDDBDBBDDBDBB 

Fig.  412. — Effect  of  Altering  Treading 

the  place  of  i.    This  forms  a  horizontal  zigzag  pattern  of  a  pleasing 
appearance. 

2.  Altering  the  Treading. — By  the  treading  of  the  twill  a  series  of 
lines  running  up  from  left  to  right  are  formed.  If  the  succession  of 
healds  is  reversed,  and  heald  6  takes  the  place  of  heald  i  in  the  second 
series  of  treads,  then  a  vertical  zigzag  pattern  will  be  formed. 

3.  Altering  both  Treading  and  Draft. — It  is  obvious  that  if  we 
change  both  drafting  and  treading  plans  in  the  manner  above  de- 
scribed a  double  change  will  be  effected.  The  twilling  runs  now  in 
a  zigzag  manner,  every  alternate  strip  of  twilling  opposite  to  the 
other,  and  forming  a  series  of  diamonds. 

A  Combined  Stripe. — The  alternation  of  such  patterns  as  the  above 
may  be  continued  lengthwise,  and  give  a  series  of  stripes.     Something 
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else  occurs,  however,  and  it  must  be  noted.     For  the  sake  of  enlarging 
the  scope  of  the  enquiry  it  will  be  advisable  to  take  another  set  of 


■aaaHDDaaDBaaHDDDaDaaDnH 
DDaaDDanaDDaaDBDaDBaDDBD 
DBaDDBDaDaDaaaDanaaDDaDB 
BaDDBDBaBaaDnBanaBDDBDBB 

BGaBOBBDflBDBDDaaaDDBDBan 

nDBDaBDaaBaDBDDBDaBDBaan 

BDDBDBBaBBDBnDBBBaaBDBBn 
BBDDflnBBBDBDDBBDBBDDBDBB 
DBBaDflaBnBDDBBDBDBBDDBaB 
BnBBDDBDBDDflBDBDBDBBDDBa 
nflDBBnDBDDBBaBDDDBDBBDDB 
BDBBDDBDBDDBBDBDBnBBDDBD 
DBBDDBDflaBaDBBDBDBBDDBDB 
BBDDBDBBBDBDDBBDBBDDBDBB 
BDDBDBBDBBDBDDBBBaDBDBBa 
DDBDBBDDDBBDBDaBaDBDBBDD 
BDDBDBBDBBDBDDBBBDDBDBBD 
BflDDBDBBBDBDDBBDBBanBDBB 
DBBDDBDBDBDDBBDBDBBDDBaB 
BDBBDDBaBDDBBDBDBDBBDDBD 
DflDBBDGBDDBBDBDnDBDBBDDB 
BDBBDDBDBDDBBDBDBDBBDDBD 
DBBDGBDBQBDaBBDBaBBnaBnB 
BBDDBDBBBDBDDBBaflBDDBDBB 

Fig.  413. — Effect  of  Altering  Both 

patterns  for  illustration.      A  stripe  containing  sixty-four  warp  ends  may 
be  built  up  from  a  combination  of  combined  buckskin  and  common  twill. 
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Fig.  414.— Healding  of  Combined  Stripes 


Professor  Beaumont  gives  an  example  of  this,  though  from  a  slightly 
different  standpoint.  In  the  pattern  there  are  four  different  stripes, 
which  may  be  described  as  follows: — 
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1.  A  stripe  of  i6  threads  of  buckskin  twill   running  from   left  to 
right. 

2.  A  stripe  of  8  threads  of  buckskin  twill   running  from  right  to 
left. 

3.  A  stripe  of  16  threads  of  buckskin   twill   running  from  left  to 
right. 

4.  A  stripe  of  ordinary  twill  running  from  right  to  left,  and  com- 
posed of  24  threads. 

Though  seeming  to  be  mostly  repetitions  of  a  twill,  the  effect  of 
the  combination  is  to  give  a  striking  variety.      Analysing  the  whole 

I J  IP  I  M  ,■_■,  |,  ,  pattern,  we  find  only  eight  types  of  warp  ends, 
I]nHnnnDH  ^^^d  therefore  the  whole  can  be  carried  on  eight 
3S9HS9HH      heald  shafts. 

HHnnDDHU  buckskm  is  an  eight-end  twill,  but  may  be 

UDDHnDHIJ      carried  into  16  or  any  multiple  of  8,  the  principle 

BnriHnnnri 
nnnnBnn      °^  drafting  being  4  and  4,  or  8  and  8,  as  the  case 

JUBUUBUy  may  be,  the  former  from  left  to  right  and  the  latter 

DnnnBaBB  from  right  to  left. 

ZIBnnBnnC  Counting  the  front   heald   shaft  as   i,   though 

^liPSSS5E  contrary  to  former  habit,   we  find   the  first  warp 

■  DDBDnniZ  ^^^  °^  *"^  buckskin  twill  dratted  on  heald  i,  and 

BnnnnBnn  2  on   2,  and  so  on.      Warp  end  6  is  drafted  on 


Fig.  415.— Weave  of  Com-      heald  I,  and  the  successive  ends  on  the  succeed- 

bined  Stripes 

ing  heald  shafts. 

As  has  already  been  shown,  the  drafting  of  the  left-to-right  buck- 
skin twill  is  different.  Warp  end  i  is  drafted  on  heald  shaft  4,  2  on  3, 
3  on  2,  and  4  on  i.  Then  warp  end  5  is  on  heald  shaft  8,  6  on  7, 
7  on  6,  8  on  5. 

The  second  stripe  of  sixteen-ends  buckskin  is  a  repeat  of  the  first, 
and  the  broad  stripe  of  common  twill  is  drafted  like  three  common 
eight-end  twills. 

It  is  a  rule  that  the  treading  or  pegging  plan  of  a  pattern  is  com- 
plete when  it  contains  all  the  variations  of  each  thread  in  consecutive 
order.     In  the  above  the  plan  is  completed  in  sixteen  picks. 

Large  Figures  from  Small  Patterns. — Having  in  view  the  vast 
number  of  patterns  which  can  be  produced  on  four,  six,  or  eight 
healds,  and  the  much  larger  number  producible  on  ten,  twelve,  up 
to  twenty-four  heald  shafts,  it  seems  to  us  necessary  that  we  ought 
rather  to  seek  a  principle  of  combination  than  to  multiply  examples. 
What  is  the  factor  which  renders  those  large  patterns  possible?     We 
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claim  to  be  able  to  weave  a  pattern  of  forty-eight  ends  on  four  healds. 
Now  the  motions  of  four  heald  shafts  cannot  be  varied  to  that  extent  on 
four  ends,  nor  can  any  number  of  ends  be  varied  in  draft  to  that  extent 
upon  four  heald  shafts.  Only  one  other  factor  remains,  namely,  the 
variation  in  the  pegging  plan ;  that  is,  the  number  of  picks  in  the 
pattern. 

Let  us  return  to  the  hand-loom  weaver  again  for  a  moment.  He 
has  four  heald  shafts  to  work  with,  and  he  allows  his  fancy  to  run 
riot  for  a  while.  He  lifts  heald  i  two  picks,  and  all  the  others  one 
pick  each;  he  lifts  heald  2  two  picks,  and  all  the  others  one  each; 
he  repeats  the  same  on  the  third  and  fourth  heald  shafts.  Again,  he 
takes  a  succession  of  three  picks,  four  picks,  five,  and  on  up  to  sixteen. 
Next  he  plies  them  in  succession  for  so  many  picks,  and  then  reverses 
them  for  so  many  more.  He  lifts  two  heald  shafts  at  once,  alternated 
with  the  other  two  singly,  and  plays  over  the  four  in  succession,  re- 
versing the  motion.  Thus,  in  strange  medley,  he  goes  on  weaving 
fantastically,  making  cloth  all  the  time,  yet  never  repeating  himself, 
weaving  a  whole  web  on  four  healds,  with  every  inch  of  its  length  a 
different  pattern. 

Enquiring  into  the  difference  between  this  mad  weaver  and  the 
weaver  on  the  power  loom,  we  learn  that  the  essential  difference  is 
the  freedom  of  the  hand-loom  weaver  and  the  mechanical  restriction 
of  the  power  loom.  As  has  been  pointed  out  before,  the  length  of 
the  pattern  is  determined  by  the  number  of  picks  our  heald-working 
mechanisms  will  operate.  The  character  of  the  pattern,  it  is  true, 
is  limited  by  the  number  of  heald  shafts  employed;  but  we  think  that 
other  factors  than  the  ability  of  the  heald  shafts  to  produce  pattern 
have  entered  in.  For  one  thing,  it  is  easier  to  produce  variation  of 
pattern  with  a  large  number  of  heald  shafts  than  with  a  few,  and  the 
question  may  be  allowed  to  pass  on  the  score  of  labour-saving  alone. 

Pegging  Plans  on  the  Common  Dobby. — The  drafting  of  a  pattern 
for  the  common  dobby  differs  in  no  way  from  that  for  the  hand  loom 
or  the  tappet.  In  each  case  heald  shafts  are  employed.  It  is  in  the 
planning  of  the  treading,  the  lift  and  depression  of  the  heald  shafts, 
we  have  to  consider  the  character  of  the  mechanism  employed.  But 
the  difficulties  of  the  designer  are  not  thereby  increased,  on  the  whole. 
The  pegging  plan  is  marked  for  the  lift  and  depression  of  every  heald 
shaft  throughout  the  whole  pattern.  With  the  plan  before  him,  the 
weaver  can  proceed  to  copy  it  on  to  the  lags  of  the  dobby.  One  lag 
serves  two  picks,  and  it  is  perforated  with  as  many  holes  as  there  are 
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heald  shafts  working  in  the  loom;  or,  alternatively,  there  is  a  hole  for 
every  warp  end  individually  actuated  throughout  the  pattern.  If  the 
chain  of  lags  were  hung  up  beside  the  pegging  plan,  the  one  would 
be  shown  to  be  a  copy,  on  an  enlarged  scale,  of  the  other,  the  pegs 
standing  for  the  black  squares  and  the  holes  for  the  white. 

There  are  some  particulars  which  it  is  necessary  to  note,  though 


XL 


IT 


9 

10 


11 

12 


15 
14 


15 
16 


JQL 


e««o*ooo«o«tt«o 
o«*«o*ooo«o«««o 


w 


•     o«*«o«ooo«o 
o«o««*o«ooo«o 


•     o 

~TR) 


oo*o«*«o 
ooo«o«*«o 


o     o     o     a     o     •     • 
o     o     o     •     o     • 


w 


•     ooo*o«««o«ooo*o 
o*oo     o«o«*«o*ooo« 


w 


•     o«ooo*o«««o«ooo 
•     •o.    •     ooo«o«*«o*oo 


•     ••o*ooo«o*««o«o 
o*««     o«ooo«o««*o« 


•     o«««o«ooo«o 
o«o«**o«ooo«o 


•     •     o 

— ^ — 


o     o 
o     o     o 


o      • 
o      • 


o     o     o     •     o 
o     o     o     •     o 


PONMLKJ     I     HOFEDCBA 


Fig.  416. — Dobby  Chain,  arranged  for  "Right-handed"  Machine.     Letters  refer  to  shafts,  numbers  to 
picks  ;  black  dots  represent  pegs,  arranged  to  agree  with  pattern  ;  arrow  shows  direction  of  motion  of  chain. 


they  do  not  affect  in  the  least  the  principle  of  the  operation.  Dobbies 
are  known  as  right-handed  and  left-handed \  when  the  driving  rods  are 
on  the  left  the  machine  is  right-handed,  and  the  left-handed  machine 
is  driven  by  rods  on  the  right  of  the  weaver  as  he  faces  the  loom.  On 
the  older-fashioned  machines  this  involved  a  change  in  the  pegging, 
but  now  there  is  no  difference,  though  the  lags  on  the  right-handed 
machine  begin  at  the  top,  while  those  of  the  left-handed  machine 
begin  at  the  bottom.  But,  as  both  rotate  in  the  same  direction  as  the 
numbers,  the  change  matters  little. 
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The  operative  may  choose  to  peg  for  lift  of  warp  and  leave  blank 
holes  for  flush  of  weft,  or  leave  blank  holes  for  lift  and  peg  for 
depression  of  the  heald  shafts.  Whichever  practice  is  adopted,  it 
must  be  consistently  adhered  to.  Suppose,  for  example,  we  elect  to 
follow  the  former  plan  on  a  right-handed  dobby.  Beginning  on  lag  i 
at  the  left  hand,  three  holes  are  left  open,  one  is  pegged,  one  open  and 
three  pegged;  the  second  row  has  two  open  holes,  one  pegged,  one 
open,  three  pegged,  and  one  open.  Following  out  that  plan,  we  peg 
for  a  sixteen-end  twill  (figs.  416,  417). 

No  matter  how  long  the  pegging 
plan  may  be,  it  merely  demands  more 
and  more  lags  for  every  additional 
pair  of  picks. 

Drafting  for  the  Jacquard. — The 
subject  of  drafting  for  the  Jacquard 
is  very  complex,  involving,  as  it  does, 
the  study  of  figure  design.  The  lead- 
ing principles,  however,  are  few  and 
definite,  and  may  be  detailed  here. 

Sizes  of  Jacquards. — In  the  early 
years  of  the  employment  of  the  Jac- 
quard there  were  only  two  or  three 

sizes  to  choose  from.  The  hooks  were  arranged  in  rows  of  8  and  12, 
and  there  were  200  and  204,  300  and  304,  according  to  whether  the 
hooks  were  ranged  in  rows  of  8  or  12,  the  total  being  a  multiple  of 
the  number  in  the  rows.  A  better  method  has  since  been  adopted. 
The  rows  of  hooks  have  been  lengthened,  with  a  corresponding 
reduction  in  the  depth  of  the  machine.     The  usual  sizes  are : — 
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Fig.  417. — Pattern  for  Dobby  Chain 


Hooks 
100 
200 
200 
300 
300 
300 
400 
500 
600 


Rows. 
4 
4 
8 
6 


10 
12 


Number  in  Row. 
26 

51 
26 

51 
38 
26 

51 
51 
51 


Total  Number. 
104 
204 
208 
306 

304 
312 
408 

612 


Hooks. — Each  hook  in  the  Jacquard  machine  is  equivalent  to  a 
heald  shaft.  From  it  depends  a  neck  cord,  into  which  are  gathered 
a  set  of  heald  cords,  holding  those  warp  ends  which  always  lift  and 
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sink  at  the  same  time.  In  a  400  Jacquard,  therefore,  we  have  prac- 
tically 408  heald  shafts,  51  in  each  row.  As  in  the  ordinary  shafts, 
the  healds  are  gauged  to  so  many  threads  per  inch,  the  tie-up  fixing 
absolutely  the  number  of  threads  per  inch.  With  these  conditions 
the  designer  has  several  problems  to  solve. 

Casting  Out.  —  If,  as  most  often  happens,  a  pattern  is  designed 
containing  such  a  number  of  threads  as  will  not  divide  exactly  into 
the  number  of  hooks  on  the  Jacquard,  a  difficulty  occurs.  On  an 
ordinary  loom,  if  a  weaver  finds  more  heald  shafts  than  he  has  any 
use  for,  he  takes  them  out;  but  the  Jacquard-user  has  no  such  power. 
The  hooks  are  fixed  in  the  machine,  and  have  a  definite  place  in  it, 
which  adds  to  the  difiiculty  of  the  problem. 

Suppose  a  pattern  containing  18  ends  is  to  be  woven  on  the 
408  Jacquard.  Dividing  408  by  18,  we  obtain  22,  and  12  remainder. 
What  is  to  be  done  with  the  remaining  hooks? 

Before  attempting  to  answer  that  question,  let  us  consider  another 
phase  of  the  matter.  As  we  have  said,  the  harness  has  been  tied  up 
to  give  a  certain  number  of  threads  per  inch.  If  fewer  cords  are  used, 
the  number  per  inch  must  be  decreased.  Reverting  again  to  the 
common  heald  shafts,  we  know  that  if  on  four  heald  shafts  we  have 
an  aggregate  of  60  threads  per  inch,  and  only  52  threads  per  inch  are 
required,  we  must  miss  two  heald  cords  per  inch  on  the  shafts.  In 
the  same  manner  the  number  of  cords  employed  in  the  harness  must 
be  reduced. 

We  have  here  a  double  problem,  the  two  sides  of  which  may  be 
solved  in  the  same  manner.  First,  when  the  number  of  threads 
occupied  by  the  pattern  is  not  a  measure  of  the  full  extent  of  the 
machine,  the  number  of  threads  per  inch  carried  by  the  cords  is 
reduced  proportionately;  second,  when  it  is  desired  to  reduce  the 
number  of  threads  per  inch  in  the  cloth  under  that  afforded  by  the 
sett  of  the  harness,  a  like  proportion  must  be  reduced. 

Rule  I. — Wlien  it  is  desired  to  weave  a  patter?i  containing  a  number 
of  threads  which  will  not  divide  into  the  number  of  hooks  on  the  Jacquard, 
find  the  number  of  hooks  to  be  cast  out,  subtract  from  the  total  number 
of  hooks,  7nultiply  the  number  of  threads  per  inch  by  the  7ium,ber  obtained, 
and  divide  by  the  total  number  of  hooks  in  the  jnachine,  the  remainder 
giving  the  number  of  threads  per  inch. 

Rule  2. — To  find  the  number  of  hooks  which  viust  be  cast  out  if  a 
reduced  number  of  threads  per  inch  is  required,  m,ultiply  the  total 
number  of  hooks  on  the  machine  by  the  smaller  num,ber,  and  divide  by 
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Fig.  418. — Jacquard  Cards 


the  normal  and  larger  number  of  threads  per  inch,  and  the  result  "mill 
show  the  number  of  hooks  to  be  employed. 

Cards. — Excepting   that  they   are   more    numerous,    and    therefore 
rather  more  difficult  to  plan  and  control,   the  cards  of  the  Jacquard 
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differ  in  no  way,  either  in  build  or  function,  from  the  lags  of  the 
dobby.  The  greater  the  number  of  hooks  in  the  machine,  the  larger 
the  number  of  holes  in  the  cards;  the  larger  and  more  varied  the 
pattern,  the  more  cards  are  required. 


CHAPTER    VI 
Figure  Weaving 

Figure  Weaving.  —  Patterns  produced  by  the  combination  of 
threads  uniform  in  colour  lack  brightness,  liveliness,  distinction,  and 
the  supreme  quality  of  ornament,  imitation.  The  beautiful  figures  of 
a  lace,  for  instance,  copies  of  leaves  and  flowers  and  graceful  grasses, 
are  lifeless,  and  never  hide  the  fact  that  they  are  threads.  To  delight 
the  eye  and  stimulate  the  imagination  we  must  have  colour  and 
coloured  form.  All  pleasing  objects,  in  nature  and  in  art,  appeal  to 
our  senses  through  the  medium  of  colour  and  colour  forms.  In  his 
assertion  of  mastery  over  things,  man  has  plucked  the  moorland  flower 
from  its  lonely  place  and  set  it  on  the  carpet  of  a  palace,  traced  the 
wavelets  of  the  azure  sea  on  the  robes  which  deck  the  bosom  of  beauty, 
decked  his  cloths  with  the  bewitching  traceries  nature  makes  on  wood- 
land and  landscape. 

Form. —  It  is  a  paradox  to  say  that,  while  form  is  the  only  medium 
of  diversifying  cloths  of  one  colour,  bad  taste  in  form  is  never  so 
egregious  as  when  it  appears  in  colour.  The  paradox,  however,  is  in 
the  nature  of  things,  and  not  of  our  making.  When  we  intend  to 
employ  colour,  therefore,  choice  of  form  becomes  highly  important. 
In  matters  of  taste,  rules  are  generally  made  to  be  disregarded;  but 
advice  of  a  general  and  negative  character  is  sometimes  helpful.  The 
human  face  and  figure,  for  example,  is  not  a  fit  subject  of  decoration 
for  clothing  fabrics,  still  less  for  carpets  and  rugs.  In  some  cases  the 
colours  of  nature  may  be  changed  for  frankly  decorative  purposes, 
but  a  green  lion  with  a  red  tail  is  an  instance  of  the  unfit.  The  form 
should  represent  the  object;  the  object  should  fit  the  place;  the  colour- 
ing should  be  in  agreement  with  the  nature  of  the  object;  the  whole 
design  should  harmonize. 

Arrangement  of  Colours. — Probably  the  wisest  words  which  have 
been  written  on  the  arrancrement  of  colours  in  textile  fabrics  are  those 
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of  John   Murphy,  in  his  Treatise  on  the  Art  of  Weaving,  which  we 
quote  as  follows: — 

"In  the  coloured  branches  of  weaving  the  distribution  or  arrange- 
ment of  colours  in  a  pattern  is  of  no  less  importance  than  the  choice 
of  objects.  Any  person  who  has  experience  in  disposing  of  colours, 
either  in  pictures  or  patterns,  will  perceive  that  some  colours  will  have 
more  brilliancy  and  effect  when  placed  together  than  when  they  are 
placed  separate  or  beside  some  others.  This  arises  neither  from  taste 
nor  caprice,  but  is  founded  in  nature,  and  may  be  explained  on  the 
principles  of  optics,  for  it  is  well  known  that  the  seven  prismatic  colours 
have  exactly  the  same  relation  to  each  other  as  the  notes  in  an  octave 
in  music;  and  therefore  the  effect  produced  by  artfully  disposing  of 
the  kindred  colours  is  no  less  pleasing  to  the  eye  than  the  concords 
of  musical  sounds  are  grateful  to  the  ear. 

"  Colours,  therefore,  with  respect  to  the  effect  which  they  thus  pro- 
duce, may  be  arranged  under  two  heads,  namely,  those  which  are 
contrasting  and  those  which  are  harmonizing.  The  contrasting  colours 
are  such  as  are  most  opposed  to  each  other;  the  harmonizing  colours 
are  those  intermediate  tints  which  lie  between  the  contrasting  ones, 
and,  as  it  were,  blend  them  together. 

"The  contrasting  colours  may  be  discovered  by  a  very  simple 
optical  experiment.  Place,  for  example,  a  red  wafer  on  a  sheet  of 
white  paper,  and  look  on  it  steadily  for  some  time  till  the  eye  becomes 
tired,  and  a  ring  of  green  will  begin  to  appear  round  its  edge;  and 
even  after  the  eye  has  been  removed  to  another  part  of  the  paper,  the 
green  ring  will  still  be  visible.  Hence,  green  is  said  to  be  the  con- 
trasting, or,  as  it  is  sometimes  termed,  the  accidental,  colour  of  red ; 
as  red,  on  the  contrary,  is  the  contrasting  colour  of  green.  In  like 
manner  it  may  be  found  that  purple  is  the  contrasting  colour  of  yellow, 
blue  of  orange,  violet  of  a  mixture  of  yellow  and  orange,  and  black  of 
white. 

"The  compounds  of  these  colours  will  also  be  found  to  have  their 
contrasting  and  harmonizing  ones.  Thus,  purple  inclining  to  red  has 
for  its  contrasting  colour  yellow  inclining  to  green,  purple  inclining 
to  blue  has  yellow  inclining  to  orange,  and  so  likewise  with  the  other 
compounds. 

"On  the  other  hand,  a  harmonizing  colour  will  be  the  nearest  tint 
to  the  original,  but  farthest,  except  the  original,  from  the  contrasting 
colour.  Yellow,  therefore,  is  the  harmonizing  colour  of  white,  orange 
of  yellow,  red  of  orange,  violet  of  red,  blue  of  violet,  and  so  on. 
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*'  Different  shades  of  the  same  colour,  such  as  light  and  dark  green, 
light  and  dark  red,  light  and  dark  blue,  and  so  on,  when  they  are 
distant,  form,  likewise,  very  bold  contrasts;  but  when  the  same  colour 
runs  through  a  variety  of  shades,  from  a  very  dark  to  a  very  light  tint, 
such  tints  approach  to  the  nature  of  harmonizing  colours. 

''  In  applying  these  remarks  to  practice,  it  will  be  necessary  to  recur 
to  a  former  observation,  that  there  are  usually  some  principal  objects 
introduced  into  patterns  which  are  called  heads,  and  that  the  other 
parts  are  occupied  with  some  kind  of  inferior  members.  These  heads, 
therefore,  have  generally  a  reference  to  the  flowers,  or  fruits,  or  plants, 
while  the  subordinate  objects  are  meant  to  represent  the  stalks,  buds, 
and  leaves.  By  keeping  this  observation  in  view,  the  pattern  drawer 
will  have  an  extensive  field  for  a  display  of  his  judgment  and  taste, 
in  the  selection  and  arrangement  of  the  harmonizing  and  contrasting 
colours;  especially  if  he  examines  attentively  the  order  in  which  nature 
commonly  disposes  them.  Thus,  for  example,  in  the  centre  of  the 
red  rose  he  will  find  a  yellow  tint  blended  with  the  orange  hue  of 
the  stamens,  while  the  petals,  or  leaves  of  the  flower,  are  red.  These 
tints,  agreeably  to  the  order  above  mentioned,  are  harmonizing  colours ; 
while  the  calyx,  or  cup,  which  comes  in  contact  with  the  petals,  as 
well  as  the  other  parts  of  the  shrub,  are  green,  the  natural  contrasting 
colour  of  red.  Examples  of  the  contrasting  colours  in  flowers  will 
be  found  in  some  species  of  the  violet,  the  wallflower,  and  many 
other  products  of  the  flower  garden." 

Effects  of  Ground. — A  very  important  matter  in  large  numbers  of 
figure  patterns  is  the  ground  and  its  effect  upon  the  figures.  Many 
small  figures  are  made  upon  a  large  ground;  or,  in  other  patterns, 
such  as  carpets  and  plush  fabrics,  the  ground  is  the  underlying  sub- 
stance of  the  whole,  and  conditions  every  part  of  it.  This  ground 
colour  appears  wherever  the  figure  is  not.  The  very  same  figure  has 
quite  a  different  appearance  upon  one  ground  from  what  it  has  on 
another.  Say  that  we  have  a  lily  of  a  deep-orange  colour,  with  leaves 
of  dark  green,  combined  with  a  viola  of  cream  colour,  and  drab  leaves. 
Put  these  upon  a  deep-blue  ground  on  the  one  hand  and  a  strong- 
red  ground  on  the  other,  and  observe  the  difference.  Both  make 
good  patterns,  but  they  have  quite  opposite  appearances.  Upon  the 
blue  ground,  the  orange  stands  out  strongly,  the  green  is  softened 
to  darkness,  the  cream  of  the  violas  stands  out  sharply,  and  the  drab 
of  the  leaves  is  mellowed.  On  the  other  hand,  the  orange  of  the 
lily  shades  into  the  red  of  the  ground,  the  olive  green  of  the  leaves 
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comes  out  in  strong  contrast,  the  cream  of  the  violas  takes  on  an  almost 
pinky  hue,  and  the  drab  leaves  are  heightened  in  tone. 

Ground  colours  also  affect  small  spots  and  isolated  figures  very 
strongly.  White  or  silver  on  blue  shines  out  with  high  luminosity; 
white  on  red  or  vermilion  has  a  pinky  flush;  gold  or  bronze  on  blue 
looks  rich  but  subdued;  gold  on  red  imparts  lustre  to  the  ground 
colour,  and  gains  in  lustre.  It  is  a  good  rule  to  make  the  ground 
the  stronger  and  darker  colour;  black  spots  on  yellow,  for  example, 
are  not  so  harmonious  and  telling  as  yellow  spots  on  black. 

Other  Figuring  Media. — The  study  of  colour  is  an  occupation  for 
a  lifetime.  During  recent  years  many  of  the  rules  accepted  by  the 
trade  for  centuries  have  been  successfully  transgressed.  The  few  hints 
given  are  intended  only  to  indicate  the  right  path  to  take;  practical 
experience  must  do  the  rest. 

There  are  other  methods  of  figuring,  besides  variation  of  weave  and 
diversity  of  colour,  with  which  the  weaving  designer  must  make  himself 
acquainted.  A  change  of  yarn  affords  scope  for  figuring  of  a  highly 
artistic  quality.  Silk  on  cotton,  wool,  worsted,  or  linen ;  wool  on 
cotton  and  cotton  on  wool ;  linen  on  cotton  or  wool ;  twist  and  fancy 
yarns — all  these  lie  to  the  designer's  hand. 

More  distinctively  ornamental  are  the  extra  wefts  and  extra  warps 
employed  in  figuring  on  all  kinds  and  classes  of  fine  and  fancy  goods. 
These  are  manipulated  variously,  some  by  special  mechanisms,  such  as 
the  lappet,  swivel,  or  pile  warp,  and  others  by  the  common  methods 
of  weaving.  A  drawback  to  figuring  with  extra  threads  is  the  looseness 
of  the  surface  generally  obtained ;  but  a  little  skill  and  care  may  remove 
that  objection  to  a  large  extent. 

Stripes  and  Checks  in  Colour. — Pattern  can  be  made  on  plain 
cloth  by  the  use  of  coloured  warp  and  weft;  but  less  pure  colour  can 
be  obtained  than  the  outsider  is  apt  to  imagine.  It  is  only  by  carefully 
planned  weaves  we  can  make  coloured  patterns  of  any  size.  Plain 
weaving  flushes  alternate  warp  threads  at  every  pick;  if  we  aim  at 
pure  colour,  therefore,  we  are  limited  to  a  single  line. 

For  example,  let  us  suppose  a  piece  which  is  to  be  woven  black 
and  white  by  a  strictly  plain  weave.  The  warp  is  composed  of  alternate 
threads  of  white  and  black;  the  weft  is  in  two  shuttles,  one  white  and 
one  black.  Insert  a  shot  of  white  weft.  If  the  weft  crosses  a  black 
warp  end,  it  hides  the  black;  passing  under  the  white  warp  end,  it 
leaves  no  trace  on  the  surface;  that  is  to  say,  a  complete  white  line 
is  made  across  the  web.     Now  bring  the  black  weft  into  play.     The 
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black  warp  was  undermost  on  the  last  pick,  and  it  must  therefore  be 
up  this  pick.  The  black  weft  passes  over  the  white  warp  and  under 
the  black,  obliterating  the  former  and  making  a  clear  black  line. 
A  cloth  composed  of  fine  black  and  white  stripes  has  been  made. 

Another  method  is  employed  for  the  same  purpose.  This  would 
make  a  horizontal  stripe;  more  common,  however,  is  the  stripe  running 
the  length  of  the  cloth.  Both  warp  and  weft  of  black  are  the  odd- 
numbered  threads,  and  the  white  threads  are  the  even-numbered  ones. 
On  pick  I  warp  ends  i,  3,  5,  7,  are  depressed  and  the  white  warp  ends 
elevated.  On  pick  2  warp  ends  2,  4,  6,  8,  are  depressed,  and  the  black 
warp  ends  lifted.     The  effect  of  these  two  movements  is  that  the  white 

warp  is  never  covered  by  a  black  pick,  nor  the 
black  warp  by  a  white  pick;  therefore  we  ob- 
tain alternate  hair-line  stripes  the  length  of  the 
cloth. 

Other  Plain-weave  Patterns.  —  Different 
coloured  warp  and  weft  very  clearly  offer  the 
designer  and  weaver  opportunities  of  producing 
patterns  without  a  change  of  weave  at  all.  As 
we  have  seen,  colour  over  colour,  that  is,  black 
weft  over  black  warp,  gives  longitudinal  line, 
and  colour  under  colour  produces  horizontal  line,  in  a  plain  weave. 
If,  for  instance,  we  warp  a  web  two  of  black  and  one  of  white,  and  weave 
with  weft  in  the  same  proportion,  a  pretty  crossing  pattern  will  be  the 
result,  with  small  spots  of  white  on  a  black  ground.  To  complete  the 
pattern,  we  require  six  warp  ends  and  six  picks.  Though  rudimentary, 
this  method  is  at  the  basis  of  many  important  manipulations  of  warp 
and  weft,  and  it  is  worth  careful  and  detailed  examination.     Threads 

1,  2,  4,  5,  of  warp  are  black;  3  and  6  are  white.  Drawn  through 
a  pair  of  heald  shafts,  warp  ends   i,  3,   5,  are  on  heald   i,  and  ends 

2,  4,  and  6  on  shaft  2.  Each  shaft  carries  a  white  warp  end,  but 
in  a  different  order,  the  middle  end  on  shaft  i  and  the  last  end  on 
shaft  2  being  white.  Now  observe  the  effect.  Pick  i  is  black;  it 
passes  over  warp  end  i,  under  2,  over  3,  under  4,  over  5,  and  under  6. 
The  whole  line  is  black,  excepting  at  warp  end  6.  The  second  pick 
is  black;  it  passes  under  i,  over  2,  under  3,  over  4,  under  5,  and 
over  6,  being  again  all  black  excepting  at  3,  which  is  a  white  end, 
and  shows.  Pick  3  is  white;  it  passes  over  warp  end  i,  under  2, 
over  3,  under  4,  over  5,  and  under  6.  The  effect  is  a  white  tick  at 
the  start,  and  the  lengthening  of  the  white  lines  on  3  and  6,  but  in 


Fig.  419. — Black-and-white  Stripe 
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Fig.  420. — Black-and- 
white  Check 


opposite  directions.  Colour  under  colour,  as  we  have  said,  makes 
a  horizontal  line;  therefore  the  crossing  of  the  weft  under  6  makes 
a  horizontal    line  of  white.      Pick  4  passes  under  warp  end   i,   over 

2,  under  3,  over  4,  under  5,  and  over  6;   the  longitudinal  white  line 
of  T,  is  lens^thened  still  further,  while  all  the  rest  is      p-,^„p— ^p-, 
black.     Pick  5  passes  over  warp  end  i,  under  2,  over 

3,  under  4,  over  5,  and  under  6,  leaving  again  only 
a  tick  of  white  at  6,  because  it  is  a  black  pick.  The 
next  pick  is  white;  it  passes  under  warp  end  i,  over 
2,  under  3,  over  4,  under  5,  and  over  6;  the  effect  is 
to  make  the  white  line  in  the  middle  three  threads 
long,  in  a  horizontal  direction,  and  the  line  at  6  two 

threads  long  in  a  longitudinal  direction.  If  we  took  another  pick, 
we  would  find  that  the  black  pick  passed  under  warp  end  6,  and 
left  a  line  three  ends  long  of  white. 

If  we  choose  we  can  make  the  predominant  colour  white,  and  the 
strokes  black,  by  reversing  propor- 
tions of  warp  and  weft,  drawn  and 
woven  in  the  same  style.  Naturally 
it  follows  that  any  two  colours  may 
be  combined  in  a  similar  way. 

Enlarging  the  Check.  —  A  plain 
weave  must  necessarily  limit  the  size 
of  the  check  or  the  breadth  of  the 
stripe.  Alternate  warp  end  crossed 
with  alternate  weft  pick  is  the  inex- 
orable rule;  depart  from  it,  and  the 
weave  ceases  to  be  plain,  and  loses 
those  qualities  we  ascribe  to  plain 
cloths.  But  it  appears  from  the  foregoing  that  we  can  evade  the 
restriction  to  a  certain  extent,  and  obtain  spots  and  checks  of  colour 
much  larger  than  the  plain  weave  would  seem  to  permit.  Suppose 
a  pattern  complete  on  twelve  ends,  equal  flush  of  weft  and  warp, 
made  up  as  follows: — 
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Starting  with  odd  threads  of  the  warp  down  and  the  even  ends 
up,   the  first   pick  of  weft   is  white.      Passing  over   i    (white),    under 

2  (white),  and  over  3  (black),  the  first  pick  makes  a  horizontal  line 
of  three  threads  long,  at  the  very  beginning.  All  the  remainder  of 
that  line  is  alternate  white  and  grey  and  white  and  black.  The  second 
pick  begins  on  the  opposite  set  of  warp  ends,  the  even  threads  being 
depressed.     It  is  also  white,  and  passes  under  i,   over  2,   and  under 

3  (black),  which  shortens  the  horizontal  line,  and  begins  the  black 
earlier.  Pick  3  is  black;  the  odd  threads  must  again  be  down,  accord- 
ing to  the  rule  of  plain  weaving;  therefore  end  i  (white)  is  covered  by 
the  black  pick;  end  2  (white)  flushes,  and  makes  a  white  tick;  end 
3  (black)  is  down,  4  (black)  is  up,  and  5  (grey)  is  down;  this  makes 
a  three-thread  line  of  black,  forming  with  the  black  flush  of  the  pick 
preceding  a  horizontal  _J.  Pick  4,  being  also  black,  makes  another 
three-thread  horizontal  line,  one  warp  end  to  the  right  all  the  way, 
covering  all  the  white  threads  but  number  i,  and  leaving  only  grey 
ends  5  and  g  showing.  Carrying  through  the  pattern  to  the  very 
end,  we  obtain  a  fairly  good  pattern,  formed  of  solid  figures  of  black 
and  grey,  with  large  checks  of  white  at  the  corners,  and  small  checks 
of  white,  grey,  and  black  at  the  sides. 

Working  upon  the  principles  exemplified,  the  weaver  can  obtain 
many  very  neat  and  pretty  patterns,  useful  chiefly  in  heavy  goods, 
such  as  woollens  and  worsteds. 

Twilling  Coloured  Warps  and  Wefts. — The  magical  effect  of 
twilling  upon  the  appearance  of  cloths  is  seen  at  its  highest  power 
in  coloured  work.  Lines  and  masses  of  colour  can  be  formed  and 
changed  in  any  direction ;  without  twill,  indeed,  masses  of  colour  by 
weaving  could  not  be  produced,  and  we  should  always  be  compelled 
to  resort  to  large  flushes,  with  their  attendant  evils. 

Prunelle  Twill. — One  of  the  most  useful  employments  of  the  prunelle 
twill  is  in  the  worsted  trade,  in  which  it  is  utilized  for  producing  three 
hair  lines  together.  The  warp  is  in  three  colours,  say  a  thread  each  of 
black,  brown,  and  white;  there  are  the  same  colours  in  weft.  We  draft 
them  in  regular  order:  black,  i;  brown,  2;  and  white,  3.  Pick  i 
is  black;  it  passes  over  thread  i,  and  under  ends  2  and  3.  Pick  2  is 
brown;  it  passes  under  end  i,  over  end  2,  and  under  end  3.  Pick  3  is 
white;  it  passes  under  ends  i  and  2,  and  over  3.  Colour  on  colour, 
says  the  rule,  produces  a  solid  longitudinal  stripe. 

Because  of  its  simplicity,  the  prunelle  twill  is  not  much  spoken 
about  in  textile  manuals,  but  practical  men  know  its  value,  especially 
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in  coloured  work.  With  yarns  of  two  or  three  colours,  a  clever  weaver 
can  produce  many  pretty  and  attractive  patterns  with  the  prunelle  or 
three  -  end  twill.  Many  popular  tweeds, 
worsted  suitings,  and  fancy  trouserings,  as 
well  as  striped  cottons  of  many  kinds,  silk 
stripes,  and  other  patterns,  are  simply  pru- 
nelles,  woven  most  commonly  on  a  warp  of 
one  colour,  the  weft  making  the  patterns. 

Cassimere  or  Four-end  Twill. — The  regu- 
larity of  the  cassimere  twill  constitutes  it  a 
favourite  weave.  Warp  and  weft  flush  two 
and  two  alternately,  every  wfeft  pick  moving 
one   warp    end    farther   to   the    right   or   left. 

With  warp  of  one  colour  and  weft  of  another,   this  gives  a  striped 
pattern  in  itself,   the  stripe  running  diagonally  across  the  cloth. 
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The  weave,  however,  confers  greater  advantages  than  can  be  sug- 
gested by  such  a  crude  expedient.  Reverting  to  the  hair-line  stripe, 
let  us  see  what  the  cassimere  weave  does  upon  it  (figs.  422,  423).     The 
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warp  is  composed  of  alternate  threads  black  and  white,  and  the  weft 
is  the  same.  Pick  i  (black)  passes  over  weft  ends  i  (black)  and  2 
(white),  under  3  (black)  and  4  (white),  making  a  line  of  black  three 
ends  long,  terminated  by  one  flush  of  white.  Pick  2  (white)  passes 
under  warp  end  i  (black),  over  2  (white)  and  3  (black),  and  under 
4  (white),  forming  a  white  line  three  ends  long,  terminated  by  a  point 
of  black  at  the  beginning.  Pick  3  (black)  passes  over  warp  ends  i 
(black)  and  2  (white),  under  ends  3  (black)  and  4  (white).  Pick  4 
(white)  passes  over  warp  end  i  (black),  under  warp  ends  2  (white)  and 

3  (black),  and  over  warp  end  4  (white).  Continue  this  weave,  and 
the  result  will  be,  in  a  right-hand  twill,  a  zigzag  diagonal  pattern, 
alternate  black  and  white  running  to  the  left. 

Two-and-two  Warp  and  Weft. — Still  more  striking  is  the  effect 
of  the  twill  on  a  web  warped  alternately  two  black  and  two  white 
ends,  and  woven  with  weft  in  the  same  proportion.  The  pattern  pro- 
duced has  all  the  appearance  of  having  been  intricately  devised,  instead 
of  being  nothing  more  than  the  natural  effect  of  a  simple  twill.  Pick 
I  (black)  passes  over  weft  ends  i  and  2  (black),  under  warp  ends  3  and 

4  (white).  Pick  2  (black)  passes  under  warp  end  i  (black),  over  warp 
ends  2  (black)  and  3  (white),  under  warp  end  4  (white).  Pick  3  (white) 
passes  under  warp  ends  i  and  2  (black),  and  over  warps  3  and  4  (white). 
Pick  4  (white)  passes  over  warp  end  i  (black),  under  warp  ends  2 
(black)  and  3  (white),  and  over  warp  end  4  (white).  Continue  this 
method  of  weaving  for  eight  picks,  and  you  will  see  that  the  effect 
is  to  form  alternate  lines  of  black  and  white,  cutting  into  each  other 
like  steps,  showing  a  very  striking  figure  (fig.  424). 

Variation  on  Cassimere. — A  wide  range  of  patterns  may  be  formed 
by  this  weave.  Varying  the  colours  of  warp  and  weft,  and  altering 
the  proportions,  we  can  obtain  changes  almost  magical  in  their  differ- 
ence from  each  other.  Adopting  the  simple  expedient  of  reversing 
the  twill  at  intervals  of  four,  eight,  or  twelve  ends,  we  obtain  checks 
in  large  variety. 

To  follow  out  any  of  these  variations  is  hardly  necessary;  that  is 
a  matter  of  practical  experiment  which  each  can  accomplish  for  him- 
self. Once  the  principle  has  been  grasped,  the  rest  is  easy,  and  the 
examples  given  sufficiently  indicate  the  main  lines  of  proper  practice 
and  the  effects  likely  to  occur. 

Limitations  of  Warp-flushed  and  Weft-flushed  Twills. — The  com- 
bination of  vari-coloured  warp  and  weft  may  be  carried  out  on  any 
size  of  twill ;  the  greater  the  number  of  ends,  the  larger  the  possibility 
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of  change  in  pattern.  We  think,  however,  that  twilling  on  the  large 
scale  should  be  taken  rather  as  a  figuring  method  than  as  a  weave. 
It  is  true  that  we  obtain  certain  definite  effects  by  merely  resorting  to 
the  given  twill,  and  without  further  concern.  We  know  that  a  twelve- 
end  twill,  for  example,  will  produce  a  known  figure,  given  a  previously 
determined  proportion  of  colour  in  warp  and  weft;  but  it  is  a  question 
whether  or  not  the  figure  could  be  laid  down  in  a  simpler  way.  With 
the  principles  as  already  defined,   therefore,   we  may   be  content.     It 
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must  not  be  supposed,  however,  that  all  twills  are  equal  in  pattern- 
forming  capacity.  Corkscrews  and  doeskins,  for  instance,  are  warp- 
flushed  weaves,  in  which  a  vari-coloured  weft  is  of  no  use.  Varied 
colour  in  the  warp,  of  course,  produces  an  effect,  but  the  limits  of 
figuring  in  that  direction,  with  a  regular  twill,  are  very  narrow. 

An  equally  narrow  limit  belongs  to  all  regular  sateen  weaves.  The 
total  of  variation,  the  whole  of  the  pattern,  must  be  made  by  the  weft. 
This  is  handy  for  pure  figuring,  in  which  the  weave  is  employed  or 
suppressed  at  need;  but  we  are  at  present  dealing  with  regular  twills. 
The  smooth  surfaces  of  both  doeskin  and  sateen  are  of  the  greatest 
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service  in  figuring,  though  as  twills  they  may  be  said  to  have  little 
value,  hiding  always,  as  they  do,  the  one  the  weft  and  the  other  the 
warp,  from  which  we  commonly  expect  to  obtain  some  portion  of  the 
pattern. 

From  the  doeskin  weave,  for  instance,  we  are  safer  to  attempt 
only  stripes,  of  which  we  can  obtain  a  fair  number.  For  example, 
a  very  nice  solid  longitudinal  stripe  of  black  and  olive  green  can 
be  made  as  follows.  In  the  warp  we  have  3  ends  of  black  to  2  of 
green,  and  the  picks  are  alternately  black  and  green.  Let  us  see 
how  it  goes:  Pick  i,  black,  passes  over  end  i,  and  under  ends  2,  3, 
4,  5;  pick  2,  green,  passes  under  ends  i,  2,  3,  over  4,  and  under 
5;  pick  3  passes  under  end  i,  over  end  2,  and  under  ends  3,  4,  5; 
pick  4  passes  under  ends  i,  2,  3,  4,  and  over  end  5;  pick  5  passes 
under  ends  i  and  2,  over  end  3,  and  under  ends  4  and  5.  Going 
over  the  pattern,  we  find  that  colour  has  been  laid  on  colour,  which 
according  to  rule  produces  the  longitudinal  stripe. 

Practical  Examples  of  Woollen  and  Worsted  Weaves.  —  By 
private  experiment  it  is  possible  to  make  a  large  number  of  won- 
derful weaves ;  but  the  student  very  often  finds  that,  when  he  has 
entered  upon  practical  work,  he  has  much  to  learn,  and  something 
to  unlearn.  By  way  of  helping  to  impart  a  specially  practical  turn  to 
our  study,  we  have  selected  a  number  of  patterns  from  wool-weaving 
factories,  and  made  enlarged  photographs  of  them  (see  the  Plates: 
Examples  of  Various  Weaves  —  I,  II,  III).  In  order  that  the 
photographs  should  be  clearly  understood,  we  give  here  the  actual 
worksheets  from  which  the  cloths  were  woven. 

WORKSHEETS  FOR  THE  WEAVES  SHOWN  IN  THE 
PLATES  ENTITLED  ''EXAMPLES  OF  VARIOUS 
WEAVES". 

I.  Shepherd  Tartan  Check. 

21/4  Reeds.     ■^^  Porters.     46  Shots 

Warp 
32  cut  Sax.  White        ...    \\ 


White        ...    4\     ^ 

Mid.  Grey      4J  i3  [  ^^^^ 

Blk.  ...    4        J^t 


4        -'St 

,,  ,,     Blk.  ...     i^  32  cut  Sax.  Blk.        ...    4 

2/30sWor.Blk.&  White    1/5  ,,         ,,     White    ...    4 


X 

X 

X 

X 

X 

X 

X 

X 

4 

3 

2 

I 

White         ...    4  ,,         ,,     Mid.  Grey  4 j  12 

Blk.  ...    4 


I.   Shepherd  Taitan  Chec 
cassimere  weave. 


■nni 

iMDJ 


striped  \\  orsled   i'wiU. 


3.    Striped  Woistcu . 
variegated  warp. 


4.    Mixed  Check  and  Stripe. 


Fine  Prunelle  Twill  Worsted  : 
coloured  warp. 


pn 

3D 


DC 

n 


6.    Stripe  :  hopsack  weave. 
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2.  Striped  Worsted  Twill. 

27/4  Reeds.     50^  Porters.     66  Shots 


Warp 

2/40  s  Wor.   Mid.  Sable 

.SI 

, 

,       Dk.   Sable    

6 

,      Brown  and  Crimson 
,       Mid.   Sable 

2 
20 

Weft 

,      Dk.  Sable     

8 

2/40 

s  Mid. 

Sable. 

,      Mid.   Sable 

2 

,      Brown  and  Blue     ... 

2 

,      Mid.  Sable 

47 

,      Dk.  Sable     

I 

\ 

,      Mid.  Sable 

;}4, 

5 

7 

\ 

,      Brown  and  Green... 

43         [4         po 
46               J  I            II 

16 

I 
3 

f; 

12 
18 

X 

X 

~x 

X 

8              4        41  Ti 
962          2 

X 

X 

45           42  j  2           12 

8 

4 

20  4 

1 

10        5        I           3 

X 

X 

47   44               I3    18 1 

9   6 

2 

i 

1 

I 

11    7        3             U 

4 

3 

2 

I 

3.  Striped  Worsted,  with  Variegated  Warp. 
28/4  Reeds.     53  Porters.     68  ^'/zt?/^ 


Warp 

2/40  s  Wor.  Drab 

Brown 

Drab 

Drab 

Blk. ... 

Drab 

Brown 

Drab 

Brown 

Blk.... 

Brown 

Drab 

Blk.... 


X 

X 

X 

X 
X 

X 

X 

X 

4 

3 

2 

I 

20 

io| 

16J36 
12 

4 

2 

6 

10 

A 
4J8J28 

6 

2 
4 


24J  12 
Ui 


109 


Weft 

2/40 s  Wor,   Brown     ... 
,,         ,,       Lt.  Brown 


26 

25 


8I4      27 


9  5 

J  10  6 

In  7 

24 1 12  8 


1: 
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4.  Mixed  Check  and  Stripe. 

20/4  Reeds.     39  Porters.     46  Shots 


Warp 


S6/56 


Sax. 

White       ... 

6/18 

Blk. 

Mid.  Grey 

6 

6  Brown  ... 

6 

5  Green  ... 

2 

Lemon     ... 

I 

White       ... 

6J16 

Gas  Green 

Grey 

4 

42 


'94 


18  I  22 


Weft 


3/';( 

5  Sax.  Blk. 

6 

>) 

,,     Lt.  Grey... 

6 

,, 

,,     Mid.  Grey 

6 

}. 


X 
X 

1^ 

X 

X 

3 

X 
X 

2 

X 

X 

I 

I 

2 

_3_ 

4 

5.  Fine  Prunelle  Twill  Worsted. 

22/4  Reeds.     42  Porters.     48  6'/zo/j- 


Warp 

2/38  s 

Wor. 

Olive  and  White 

66 

50  c 

Sax. 

Olive        

2' 

)) 

,, 

Olive  and  White 

4J 

8 

)> 

,, 

Olive  and  White 

67 

,, 

,, 

Olive        

2/40  s 

Wor. 

Green 

- 

)) 

Olive  and  White 

4 

>» 

Olive  and  White 

?> 

Olive       

)j 

Set 

tt 

Olive  and  White 

4 

>> 

Olive  and  White 

Olive        

Green 

[■ 

,, 

Olive  and  White 

4 

,, 

Olive  and  White 

2" 

1 

)> 

Olive       

I 

S^z 

31; 


35; 


43 


47; 


55 


X 

X 

I 

X 

X 

X 

2 

X 

3 

3 

2 

1 

Weft 
40  c  Sax.   D.  Olive. 


6.  Stripe  Hopsack  Weave. 

21/4  Reeds.     38  Porters.     48  Shots 


Warp 


36c  Sax.  S.  Green     ... 

2 

> 

,,        ,,     Brown 

2 

^ 

20/2  s  Silk  2X1, 

White 

2 

1 

,,      Brown    ... 

A 

[ 

36  c  Sax.  White 

2j 

lej loj 

14; 

,,        ,,     Brown 

A 

„     White 

2j 

70 

Weft 

36  c  Sax.  Brown     2 
,,      White      2 


X 

X 
X 

I 

X 

2 

X 

X 

3 
4 

X 

X 

3 

4 

2 

I 

~.   Plain  Weave,  reverse  draft : 
stripe  in  warp  and  weft. 


8.   Herrine-bone  Twiil. 


nwwL 

■  DDI 

Emeu 


II.   Fine  Variegated  Twill. 


pni 

DDI 

6001 


12.    Regular  Twill:  pattern 
made  by  warp. 


EXAMPLES   OF  VARIOUS   WEAVES.— II 


FIGURE   WEAVING 


89 


7.  Plain  Weave,  with  Reverse  Draft. 

32/2  Reeds.     2.C)\  Porters.     34  Sha's 


Warp 


2/30  s 

Won  Lt.  Stone 
,,      Lav 

3/9J24 

,, 

,,      Dk.  Brown    ... 

2/40  s 

Blue  and  White 

'^  1 

2/48  s 

2  X  I  Blk.  and  Yellow 

1J3I 

Weft 

,, 

,,     Lav.        

31 

>) 

„     Dk.  Brown 

3J9J15 

40  c  Sax. 

Dk.  Blue        ...    3 

,, 

,,     Lav. 

31    ^ 
3/9I 
3      J  24 

60/60      ,, 

Blk.  and  White   3^ 

,, 

,,     Dk.  Brown 

40  c      ,, 

Dk.  Stone       ...    3J  9 

M 

,,     Lt.  Stone 

»> 

,,     Lav 

:}6 

») 

,,     Dk.  Brown 

)) 

,,     Lav 

2      "\ 

2/30  s 

Blue 

Lav 

i/3>'5-'9 

)) 

Lt.  Stone      

J) 

Dk.  Brown  ... 

n 

J> 

Lav 

1/6 

X 
X 

4 

X 
X 

"3" 

X 

IT 

2 

X 
X 

T 

I 

2 
_3_ 

8.  Herring-bone  Twill. 

25/4  Reeds.     42^  Porters.     54  Shots 


Warp 


2/20  s  Mc.  White 

:}., 

2/30  s  Wor.  Lt.  27  Sh.  .. 

39  c  Sax.  2  Grey 

,,     White 

;}.,, 

,,     White 

2 

,,     2  Grey 

„       „     White 

,,        ,,     2  Grey 

,,      Mc.  White 

2 

n 
I J  32 

Weft 
30  c  Sax.  C.  Sh.     I 

2/30  s  Lt.  Gas  Green 

,,     Blk....     I 

,,      2  Grey       

„       White         

li  13 

,,       Mc.  White 

2 

,,       2  Grey       

„      White         

2/46 

X 

X 

X 

X 

X 

X 

X 

X 

4 

3 

2 

I 

4 
3 

16 


16     24      24 

72 


Vol.  VI. 


124 


go 
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9.  Herring-bone  Stripe. 

20/4  Reeds.     37I  Porters.     46  Shots 


Warp 

40  c  Sax.  and  1/50  s  Wor.  Bro.  and  Blk. 
Blk.  and  Blk. 
Blk.  and  1867 
Blk.  and  Blk. 
Bro.  and  Blk. 
Blk.  and  Blk. 
Blk.  and  1867 
Bro.  and  Blk. 
Blk.  and  Blk. 
Blk.  and  Set. 
Blk.  and  Blk. 


8) 
8)42 


^1    .       .       . 

2 /8J 24; 32; 38 

8/42 
2/6 


Weft 

2/24  s  Bot.  5  Blue 
,,     Olive 


X 

X 

X 

X 

X 

X 

X 

X 

4 

3 

2 

I 

6i  57                   ci  61  p 

62  58              54 1 2  62  58  57         J  2 

64  59  56           1 3  64      63  59  I3 

63  60  55           I4  60  56 14 


10.  Striped  Cloth:   Variegated  Warp  and  Weft. 

17/4  Reeds.     29  Porters.     38  Shots 

Warp 


40  c  Sax.  and  1/50  s  Wor.  5  Blue  and  Russet     2 


,,  ,,         Blk.  and  Green 

2/16  s  Bot.  Wor.  Blk. 
50/50  Red  Bro. 

,,      Blk.  and  Green 

„      Mid.  T.  Blue  ... 

,,      Blk.  and  Green 

„     Blk 

,,      5  Blue  and  Russet 

„     Blk 


:k. 


I J  27 


X 

X 
X 

X 
X 

X 

X 

4 

X 
3 

2 

I 

Weft 


50/50  Mid.  T.  Blue    ... 
17c  Sax.  3526    „       ... 
2/16  sxB.  Wor.  109  Sh. 
50/50  Red  Bro. 

„     3526     „ 

,,       109  Sh. 

I 
..    I J  99 

2 

'i 

I 

2 

4 
3 

48  u 

II.  Fine  Variegated  Twill. 

23/4  Reeds.     42  Porters.     60  Shots 


Warp 


/30  s  Wor.  Lt.  Lavender 

121 

,,           ,,     Drab 

12/84 

„     Lt.  Blue      ... 
,,           ,,     Drab 

2J8J 

Weft 

,,           ,,     Lt.  Lavender 

12 

40  c 

Sax.  Drab. 

X 

X 

X 

X 

X 

X 

X 

X 

4 

3 

2 

I 

1  21       I      21       I      21 

2  2  2 

3  43    3    43    3    43 
^44 

8  20  44 

24 


-^     *^ 


13,  Combined  Stripe:  pattern 
caused  by  cliange  of  draft  and 
colour  of  warp. 

DDHH 
■  DDB 
IDD 


14,  Six-leaf  Serge  Twill. 

■nBOBD 
■nBDDH 
■DDHnB 
nBDBDH 
DIDBBD 
DBBOBD 


15,  Four-leaf  Serge  Twill. 

■DDB 
DBDB 
DBBD 
DID 
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12.  Regular  Twill. 

17/4  Reeds. 


3o|  Porters.     2>^  Shots 


Warp 

40c  Sax.  and  1/50 s  Won  S.  39  Sh.  6   ... 

,,  ,,  ,,         S.  40  Sh.  6   ... 

2/40S  and  1/50S  Wor.  2  X  i  Blk.  and  Can 


!/30  1 

50/50 


X 

X 
X 

X 

X 

X 

X 

4 

X 

3 

2 

I 

o.  4U  on.  u    .. 
or.  2X1  Blk.  and  Canary 

S.  40  Sh. 

S.  39  Sh.     ... 
2  X  I  Blk.  and  Canary 

S.  40  Sh. 
2X1  Blk.  and  Canary 

S.  40  Sh. 

S.  39  Sh.     ... 

S.  40  Sh. 

S.  39  Sh.     ... 

S.  39Sh.     ... 

S.  40  Sh. 

S.  40  Sh.     ... 

2  Crim. 

S.  39  Sh.     ... 

S.  40  Sh.     ... 

Gas  Green... 


.1 


i      3     12  p 


61 

6i48 


;/5 

I 

6 

n 
I 

2/10I 

6/ 14 j  38 

n 
1/6 

6 

2\ 
2/6 


Weft 

40/40  Sax.  S.  45  Sh. 


3     32     31     30     29 


3    24  U 


W 


28    3 

u 


13.  Combined   Stripe.     Pattern  caused    by  Change  of  Draft   and 

Colour  of  Warp. 

23/4  Reeds.     42  Porters.     52  Shots 


Warp 

40c  Sax.  Lovat... 

White 

„         White 

Blk 

2/60  s  Wor.  2x1  White 
2/48  s  Wor.  2  X  I  Blk.  and  White 
2/60  s  Wor.  2x1  Blue 
White 
Lovat 
White 
White 
Russet 
White 
2/40 s  Wor.  Blue  and  Green  ... 

White         

Lovat 

White         

White         


M 


26 


^ 

7  J  37 
.  1 
2I4/6 


X 

X 

X 

X 

X 

X 

X 

4 

X 

3 

2 

I 

44]  7      4 
U      3 


Weft 

40c  Sax.  Blk.     ... 

,,  Grey   ... 

Blk.     ... 
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14.  Six-leaf  Serge  Twill.  Woven  equal  Warp  and  Weft,  usually- 
Finest  Counts  of  Botany  Yarns. 

15.  Four -LEAF  Serge  Twill.  Typical  Strong  Serge,  Woven 
equal  Warp  and  Weft,  the  Counts  of  Yarns  ranging  from  2/30  s 
Botany  Worsted  to  2/18  s. 

16.  Twilled  Worsted. 

24/4  Reeds.     46  Porters.     52  Shots 


X 

X 

X 

X 

X 

X 

X 

X 

4 

3 

2 

1 

/: 


.1 


60 


59 


58h 


2/30  s  Won  Weft  as  Wp. 


Lined  Work. — A  further  step  towards  pure  figuring  is  to  be  made 
by  analysis  of  the  weaves  technically  known  as  lined  work.      These 

are    combinations     of 

00 


broken  diamond  twills, 
worked  out  upon  a 
symmetrical  plan.  As 
a  rule,  these  patterns 
are  now  worked  on 
the  Jacquard,  but  the 
older  method,  namely, 
heald  shafts,  exhibits 
the  principle  much 
more  concisely.  "In- 
stead of  the  straight, 
or  over  and  over  drafts 
of  the  fancy  twill," 
says  an  old  author, 
"lined-work  patterns 
are  usually  woven  with 
what  is  termed  a  dia- 
mond draught ;  that 
is,  a  draught  which  runs  straight  over  the  leaves  from  the  back  to 
the  front,  but  returns,  in  the  same  order,  to  the  back  leaf  again  for 
one  sett  of  the  pattern,  forming  a  zigzag  figure  on  the  upper  edges 
of  the  shafts.  Sometimes,  however,  patterns  of  this  kind  are  woven 
in  more  complex  draughts.      The  treadles,  also,  when  placed  in  their 


425-— Lined  Work  on  Three-end  Twill  Base 
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natural  or  progressive  order,  are  wrought  from  side  to  side  alternately, 
in  the  very  same  order  of  succession  as  the  draught.  Whatever  variety, 
therefore,  is  adopted  in  the  cording  plan,  one  sett  of  the  pattern  will, 
by  the  preceding  arrangement,  be  nearly  double  the  extent  of  warp 
of  that  produced  by  a  single  draught;  but  the  additional  part  will  be 
inverted.  As  the  treadles  are  also  twice  wrought  over,  the  figure 
will  be  again  nearly  doubled  by  the  weft;  the  latter  part,  which  is 
formed  by  returning  back  over  the  treadles,  likewise  being  inverted ; 
so    that    a    square    or 

n 


diamond  figure  is  com- 
monly produced,  each 
side  of  which  is  equal 
to  the  plan  of  raising 
marks  on  the  treadles. 
These  patterns  will  be 
exactly  four  times  the 
dimensions  of  those 
arising  from  the  single 
draught,  were  two 
threads  drawn  upon 
each  leaf  throughout  the 
pattern;  but,  in  general,, 
those  patterns  turn  upon 
a  single  thread  at  the 
points,  both  in  the  warp 


.nnHDOHnnBj 


Fig.  4.26. — Lined  Work  on  Cassimere  Base 


and  weft;  so  that  there  is 
only  one  thread  drawn 

on  the  back  leaf,  and  one  on  the  front  leaf,  while  there  are  two  on  each 
of  the  intermediate  ones.  The  same  is  to  be  observed  of  the  treadins"." 
The  simplest  class  of  these  patterns  was  known  among  hand-loom 
weavers  of  a  former  generation  as  "bird's  eye",  because  the  small 
square  or  diamond  figure  contained  a  spot  in  the  centre  like  the  minute 
pupil  of  a  bird's  eye.     Taking  a  three-end  twill  as  basis  (fig.  425),  we 

draft  as  follows: — 

Warp  End     i.  Heald  Shafts  i. 

Warp  Ends  6,   2.  ,,  2. 

3- 
4- 


3'    o* 

4- 


If  we  take  a  cassimere  twill  as  basis,  we  obtain  an  opposite  effect 
(fig.  426)  with  precisely  the  same  draft. 
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Double,  Triple,  and  Quadruple  Diamond  Draft. — To  exhibit  this 
method  of  figuring  exhaustively  would  take  very  long,  but  the  main 
lines  of  variation  are  easily  indicated  in  short  space.  As  hinted  above, 
the  Jacquard  has  greatly  superseded  these  drafts,  but  if  the  designer 


■nanDDBn 

gnDDBDnnBa 
nnnDBDnn 
DnBDnnBDD 

DBDnnBD 

^annBnDDBa 
janDDBDnn^ 

DDDBannBa 
■nannnan 


PD 
PB 


lUUUBUUl 


UH 


CD 
CD 


□BDnUBUUi 

BDnnanBDO 

UDDBDDDBa 

DnnBDDnnnr 
^  DBnnDBnnq 

^GnDBnBDC 
nDDBDnDBd 

nnBnnnnn 
nnnBaDDBp 
nnnanTin 


pBDn 

POBD 

DDD 
DDD 
BOD 
DBD 
DD 
DBD 
■nn 


ULBUULI 
□BUDDl 
BnnDBL 
anDBDE 
DDBDnE 

DBDnni 
annBC 
nnnBDc 

DDDBE 
nannna 


na 


JUBUUUHUUU 


CD 


pnnnnBnnn 
nnnBDDnBa 

DBnuOBD 

DDBannBDn 

BDBDnnBD 

BnnDBannBa 
nnnnBnnn 
DBnnnBnn 


UUBUUUBUUU 

nannn 

BDnDB 
DBOBn 


nanannnann 


DDD 

nnn 

DD 

DBD 

DD 

^DDD 

□DDB 

DBD 

nmnn 


CD 
EC 

cc 


cc 


nnBDDC 

DBCBnc! 
BDDnBP 

ncnnc, 

DDBDna 
nnnB    ^ 


CEIC 
DDD 
DBD 
BOD 

innn 
inn 

IDBD 

innn 

DC 


UUBUBU 


UUBUU 

ncnBnn 

BCDDBC 
nBDDD 

ncBDnn 
nBDnni 

DDDBC 
DCDBDC 

nnBDnc 

CBOnDB 


BUUUBUUU 

unncnBDnn 

^^CDDBDCn 

npBDBanDBn 
cnBnnnBDD 
DcnanBDnn 

^^nnDBDDDBp^ 

□pBnBDnDBDcn 
BHBnnnBn 


DB 

nnn 

□Bcn 

pnan 

□nn 

nnn 

nn 

nBn 

n 


unuBui 
ncnnni 


nBnBnp 

ncBnad 

nnnnn 

^cnn^ 

nBHBn 

ncBnn 

nBHBn 


■P 

BDC 
CBC 

nn 


cnnBnn 
cnnBadnBnBD 
BnnnB 
nnnnnBnnp 
^pnnBnnnanc 
pcnBnBnnnBc 
□DBnnnBnnn 

B  nnnnnBnnp 
BnnnBnnn 


a 


Fig.  427. — Lined  Work — Double  Draft 


can  put  them  on  heald  shafts,  he  will  not  have  any  difficulty  with  them 
on  the  Jacquard. 

Double  Diamond. — The  following  is  a  simple  twill  weave  extended 
and  elaborated  by  the  double  diamond  draft. 


Warp  Ends  i,  5,  11,  i,  5. 

,,  2,  6,  10,  14,  2,  6. 

„  3.  7»  9,  13.  3.  7- 

,,  4,  8,  12,  4,  8. 


Heald  Shafts  i. 
2. 
3- 
4- 


Whatever  cording  plan   is  adopted,   the  double  draft  always  pro- 
duces two  diamond  or  square  figures,  one  within  the  other,  the  inverted 
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part  of  the  draft  making  other  figures  of  the  same  form  surrounding 
these  in  regular  order. 

Triple  Draft. — Taking  precisely  the  same  weave,  and  drafting  it 
triple,  on  the  same  number  of  heald  shafts,  let  us  see  what  a  very 
marked  difference  is  effected. 


Warp  Ends  i,  5,  9,    15,  19,  i. 

,,             2,  6,  10,    14,  18,  22,   2. 

3y  7,  II.   13.  i7>  21,  3. 

,,            4,  3,  12,   16.  20.  4. 


Heald  Shafts  i. 
2. 

>j      3- 
4- 


■UUUi 

UDBDn 

Dnnaa 

■DDDB 

DDBDC 
DDDBC 

BnnnB 
Bnnn 


UUBUM 
DDDBC 
HDBDE 
UBDDC 

BnnnB 

ZDDnBC 

DDBnr 
DBonc 

BODDB 
nnan 

yUBULj 

BnnnB 
nBDnn 

DDBDn 
DDDBn 
BODDB 
DBDnC 
DDBDE 

HnoBd 


BUUUUB 
nnnBD 
DBDBnn 
nDBnnn 
nnnnDB 

BDnDBD 
DBOBDn 

DDBDnn 

DDDnDB 

BnnnBn 

UBUBU 

UDBnn 

HBDBn 

Bnnn 
DDBnn 

DBDBD 

DDD 
DDDDD 

nann 


UUUB 

ddb:: 

DBGL 

Banc 

DDG 

DDB 

DBDD 

BDDD 

DDDB 

DDBD 


UUBU 
pDBDB 
DBDDD 

DDDD 
DDDBD 
DDBDB 
DBDDD 

DDDD 
DDDBD 

DBDM 


DDBUL 

DDDBD 

BDDDl 
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Fig.  428.— Lined  Work— Triple  Draft 


It  is  easy  to  see  that  any  number  of  concentric  figures  may  be 
formed  by  repeating  the  draft  any  number  of  times  over  the  heald 
shafts  in  one  direction  and  returning  the  draft  in  the  contrary  direction. 
Starting  from  the  centre  of  the  cloth,  and  diverging  to  each  side, 
the  whole  warp  can  be  made  one  single  figure,  composed  of  concentric 
squares,  the  dimensions  of  which  would  be  determined  by  the  number 
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of  shafts  employed  and  the  succession 
of  the  lifting  and  depressing  of  the 
shafts. 

Variation  of  Diamond  Draft  for 
Lined  Work. — The  examples  given 
are  very  simple  twills,  the  treading 
the  same  as  the  draft,  but  any  number 
of  twills,  with  any  number  of  varia- 
tions, may  be  practised.  To  find  the 
number  of  leaves  required  for  any 
pattern  of  lined  work,  given  in  the 
cloth  or  on  design  paper,  count  the 
threads  from  the  centre  of  one  figure 
to  the  centre  of  the  surrounding  one, 
including  the  two  points;  this  will 
be  found  equal  to  the  number  of 
leaves  or  heald  shafts  required.  If  a 
square  be  formed  of  which  this  is  the 
diagonal,  it  will  give  a  representation 
of  the  cording  on  the  treadles,  the 
lifting  marks  corresponding  with  the 
marks  on  the  design  or  the  flushes  of 
warp  on  the  cloth  pattern. 

Colour  in  Lined  Work. — At  one 
time  these  weaves  were  the  almost 
exclusive  property  of  the  linen  manu- 
facturer; but  now  they  have  been 
adopted  by  all  classes  of  weavers  in 
every  fibre.  Silk  weavers  use  them 
for  handkerchiefs  and  various  goods; 
in  both  the  cotton  and  worsted  trades 
the  designs  have  been  found  of  im- 
mense service.  For  colour  work  lined 
patterns    are    of   artistic    value,    the 


regular  shapes  gratifying  the  eye  with 
the  sense  of  regularity.  The  outer  square  figures  may  be  made  one 
colour  and  the  centres  another,  or  a  series  of  cunningly  diversified  lines 
can  be  wrought,  the  colour  aiding  to  convey  an  impression  of  variety, 
even  while  the  pattern  is  little  more  than  repetitions  of  one  figure. 
Figured  Zephyr. — A  fine  example  of  the  class  of  goods  which  the 


FIGURE   WEAVING  97 

adoption  of  the  principle  of  lined  work  has  enabled  manufacturers  to 
weave,  is  given  in  the  enlarged  photograph  of  the  figured  zephyr  (see 
Plate,  Fancy  Weaves)  taken  from  a  cloth  woven  by  a  Rochdale  firm. 
The  enlargement  coarsens  the  design ;  but  we  think  it  worth  exposing 
the  threads  for  the  sake  of  study.  By  way  of  completing  the  reader's 
knowledge  of  this  fine  design,  we  have  reproduced  both  the  pattern 
(fig.  429)  and  the  draft  (fig.  430). 

Figuring  with  the  Jacquard. — As  given  in  the  foregoing,  pattern 
is  formed  by  the  intelligent  action  of  the  weaver,  who  varies  the 
treading  as  demanded  by  the  plan.  On  the  ordinary  power  loom 
this  is  impossible.     We  have  already  pointed  out,  however,  that  the 
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Warp  drawn    I   in  a   heald  and   2  in  a  dent   throughout 
Fig.  430. — Drafting  for  Figured  Zephyr 

dobby  has  come  in  as  the  substitute  for  the  intelligence  of  the  weaver. 
All  the  patterns  given  could  be  wrought  by  the  dobby,  every  succes- 
sive change  of  treading  being  given  by  changes  in  the  pegging  of 
the  lags.  Let  a  lag  stand  for  each  tread,  and  the  thing  is  done;  we 
therefore  do  not  need  to  pursue  the  subject  farther  on  that  side.  As 
we  advance  in  complexity  and  size  of  pattern,  however,  the  capacity 
of  the  dobby  is  exceeded,  or,  at  least,  some  trouble  will  be  saved 
by  adopting  the  Jacquard.  This,  it  may  be  said,  is  the  greatest  ser- 
vice the  Jacquard  has  rendered  to  the  ordinary  manufacturer.  With 
the  Jacquard  machine  he  is  enabled  to  work  patterns  which  would 
either  be  left  to  the  hand  loom,  or  be  mounted  in  very  intricate 
and  troublesome  ways  for  the  dobby. 

Capable  of  manipulating,  with  the  addition  of  the  presser  harness, 
six  thousand  warp  ends,  the  Jacquard  offers  to  the  weaving  designer 
a  very  wide  range.  It  must  not  be  supposed,  however,  that  the 
machine  confers  absolute  freedom.  We  are  not  permitted  to  lay 
down  any  combination  of  figures,  and  confide  in  the  powers  of  the 
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Jacquard  to  weave  them.  There  are  limits  of  a  very  definite  and 
stringent  nature  which  must  not  be  transgressed. 

Capacity  of  the  Machine. — The  first  class  of  limitations  is  to  be 
found  in  the  Jacquard.  Though  makers  of  the  machine  have  con- 
siderably enlarged  the  capacity  of  the  Jacquard,  its  shape  and  function 
require  that  a  certain  number  of  hooks  must  be  arranged  in  so  many 
rows,  with  a  given  number  in  each.  When  a  machine  has  been 
tied  up,  it  is  calculated  to  carry  so  many  threads  per  inch.  The 
pattern,  therefore,  is  ideally  supposed  to  contain  as  many  warp  threads 
as  will  multiply  into  the  number  of  hooks  on  the  machine.  The  cloth, 
also,  is  supposed  to  contain  as  many  warp  threads  per  inch  as  the 
machine  gives.  Alternatively,  if  the  threads  of  the  pattern  do  not 
divide  into  the  number  of  hooks  without  remainder,  those  hooks 
which  remain  over  must  be  cast  out  upon  a  definite  plan,  so  as  not 
to  interfere  with  the  regularity  of  the  cloth.  Again,  if  the  pattern 
contains  that  number  of  ends  which  differs  from  the  capacity  of  the 
Jacquard,  those  ends  which  are  left  over  must  be  cast  out.  These 
particulars  have  been  fully  explained  in  Chapter  V,  and  need  not  be 
repeated. 

Structural  Limits  to  Figure. — :We  are  always  bound  to  remember 
that  a  woven  fabric  is  a  structure  which  depends  for  its  stability 
upon  obedience  to  the  laws  of  its  nature.  A  very  beautiful  figure 
might  be  drawn  on  paper  which  could  not  be  woven.  No  section 
of  the  warp  can  be  taken  up  more  than  another  over  the  whole 
pattern,  or  else  an  irregular  cloth  will  be  produced.  We  are  per- 
mitted to  flush  warp  and  weft  in  any  order  which  may  seem  good, 
but  the  balance  between  warp  and  warp  and  weft  and  weft  must  be 
maintained.  To  flush  a  warp  end  over  ten  picks  at  one  point  in 
the  breadth,  and  at  another  point  only  flush  alternate  picks,  would  be 
bad  structure,  unless  the  reverse  instantly  takes  effect.  Taking  the 
small  figures  most  commonly  woven,  we  have  to  consider  the  number 
of  picks  and  warp  ends  in  each  figure,  and  the  number  of  threads 
in  the  ground.  At  the  completion  of  the  whole  pattern,  a  balance 
should  be  obtained. 

Factors. — Assembling  the  factors,  we  find  that  they  may  be  grouped 
under  five  heads:  i,  the  nutnber  of  hooks  on  the  Jacquard  employed; 
2,  the  number  of  threads  per  inch;  3,  the  nimiber  of  war p  ends  in  the 
figure ;  4,  the  nimiber  of  weft  picks  in  the  figure ;  5,  the  number  of 
threads  in  the  ground. 

Calculating  the  Pattern. — When  a  pattern  is  completed  in  design. 
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it  may  not  be  completed  for  the  Jacquard.  It  is  highly  important, 
therefore,  that  we  should  ascertain  first  of  all  how  many  threads  are  in 
a  given  pattern.  The  figure  is  of  a  given  size,  and  therefore  occupies 
a  certain  number  of  warp  ends  and  picks;  the  ground  in  which  the 
figures  are  set  also  occupies  so  many  ends  and  picks.  To  find  the 
number  of  ends  and  picks  required  by  each  figure  and  its  ground, 
count  from  centre  to  centre  of  each  similar  figure,  each  way,  the  one 
way  for  warp  ends  and  the  other  for  picks.  Say  that  from  centre 
to  centre  of  a  given  small  figure  regularly  repeated  there  are  15  warp 
ends,  and  that  there  are  five  figures  in  the  pattern,  how  do  we  learn 
the  total  number  of  warp  ends  in  the  whole  pattern?  The  answer 
is  contained  in  the  fact  that,  no  matter  what  the  shape  of  the  figure 
may  be,  it  must  contain  a  square;  the  warp  ends  may  not  be  visible, 
but  they  are  there.  Find,  therefore,  the  square  root  of  the  total 
number  of  ends  in  the  space,  and  it  will  be  the  number  of  warp 
ends  required.  The  square  of  15  is  225;  there  are  five  figures; 
multiply  by  5,  and  we  obtain  11 25;  the  square  root  of  1125  is  33, 
nearly.  33  is  the  number  of  warp  ends.  The  number  of  picks  in 
the  figure  is  12;  the  square  of  12  is  144;  this,  multiplied  by  5,  gives 
720,  the  square  root  of  which  is  27.  Therefore  the  pattern  is  completed 
in  33  warp  ends  and  27  picks. 

Setting  in  the  Jacquard. — The  warp  has  now  to  be  adjusted  to 
the  hooks  of  the  Jacquard.  We  do  not  find  that  any  size  of  Jacquard 
will  take  in  33  as  multiple.  Some  casting  out,  therefore,  must  take 
place  either  on  the  Jacquard  or  in  the  pattern.  In  this  case  we  have 
an  easy  way  out.  The  number  of  warp  ends  given  is  rather  less  than 
the  number  required  in  strictness.  Say  it  is  34;  then,  very  simply, 
we  can  have  it  on  a  loo-Jacquard,  casting  out  2  hooks,  in  all,  which 
may  be  arranged  with  the  selvage.  In  many  patterns,  however,  the 
difficulty  is  far  greater.  Suppose  the  figures  had  been  taken  in  pairs, 
as  sometimes  may  be  necessary,  and  the  figures  based  upon  that. 
The  number  of  warp  ends  would  be  48,  and  that  number  does  not 
multiply  evenly  into  any  size  of  Jacquard.  Taking  a  Jacquard  with 
308  hooks,  however,  we  can  find  a  solution  of  the  difficulty.  The 
pattern  goes  six  times  into  the  machine,  with  20  hooks  over.  That 
means  the  casting  out  of  i  hook  in  15.  Unless  the  number  of 
threads  per  inch  will  not  permit  of  the  adjustment,  this  should 
serve. 

General  Principles. — The  practical  details  of  the  figuring  Jacquard 
are  very  tedious,   and   hardly  admit  of  full  explanation  apart  from  a 
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particular  design  and  the  machine  itself.  In  this  class  of  figuring, 
however,  some  general  principles  may  be  stated.  When  calculating 
the  size  of  the  pattern,  great  care  must  be  taken  to  avoid  crowding; 
sometimes  a  single  thread  converts  a  perfectly  spaced  pattern  into  a 
complex  mixture,  the  end  of  the  one  pattern  overrunning  the  other. 
Again,  the  tendency  of  patterns  to  run  in  straight  lines,  and  form 
stripes,  is  to  be  avoided.  Another  point  to  be  noted  is  the  working 
of  plain  ground.  If  it  is  desired  to  mark  off  the  figures  very  strongly 
plain  ground  is  the  best,  as  a  rule.  For  the  plain  ground  an  additional 
odd  pick  must  be  put  in.  Last,  not  the  least  important,  is  the  constant 
demand  that  a  pattern  must  always  be  completed  within  a  given  num- 
ber of  ends,  and  that  number  the  unit  of  the  Jacquard.  We  may, 
for  that  purpose,  require  to  carry  the  pattern  over  several  times. 

Figured  Diapers  and  Damasks. — Even  in  technical  names  fashions 
change.  At  one  time  weavers  spoke  of  dontics,  diapers,  and  damasks 
as  distinct  fabrics;  the  first  name  has  passed  out  of  common  use,  and 
the  second  and  third  are  practically  synonyms.  The  old  distinction 
between  diaper  and  damask  was  fairly  clear,  and  is  still  preserved 
to  a  limited  degree.  A  diaper  was  a  cloth,  generally  linen,  twilled 
on  four  or  five  heald  shafts,  reversible,  and  figured  with  small  pat- 
terns. Damask  was  originally  a  silk  fabric,  profusely  ornamented 
with  raised  figures,  and  akin  to  brocade;  it  was  imported  from  the 
East.  When  it  was  acclimatized,  however,  damask  lost  some  measure 
of  its  richness,  becoming,  first,  a  doubled-faced  cloth,  and  then  a 
two-faced  twill.  The  former  style  still  holds  in  many  silk  damasks, 
but  in  linen,  wool,  and  cotton,  as  well  as  in  many  silks,  the  fabric 
is  little  more  than  a  diaper  wrought  on  many  heald  shafts,  or  on 
the  Jacquard.  That  is  to  say,  the  main  distinction  now  observed 
between  diaper  and  damask  is  in  the  size  of  the  twill,  the  former 
name  being  reserved  for  those  cloths  which  are  four-end  or  five-end 
twills,  and  the  latter  designation  being  given  to  all  others.  We  are 
aware  that  some  difference  of  opinion  exists  on  the  point,  but  the 
fact  that  the  term  diaper  is  still  given  to  that  kind  of  twill  should 
be  fairly  conclusive. 

Designing  Figures  for  Damask. — The  designer  of  table  linens  and 
all  other  self-coloured  damasks  relies  only  upon  twill  for  his  figures. 
From  what  has  already  been  said,  this  will  appear  no  mean  instrument. 
Changing  the  direction  of  a  hard -spun,  lustrous  yarn  imparts  a 
wholly  different  aspect  to  the  surface  of  the  fabric.  If  the  weft  is 
soft  and  the  warp  hard,  or  vice  versa,  the  effect  must  be  correspond- 
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ingly  greater.  Another  simple  fact  here  comes  into  prominence.  We 
must  always  remember  that  when  warp  is  flushed  on  the  one  side  of 
the  cloth,  weft  must  be  flushed  on  the  other.  Besides,  if  the  one 
side  is  a  right-to-left  twill,  it  appears  on  the  other  side  as  a  left-to- 
right  twill.  With  a  Jacquard  which  controls  every  warp  thread  at 
every  pick,  and  these  instruments,  the  designer  has  ample  opportunity 
for  realizing  his  ideas. 

The  best  method  for  the  beginner  in  damask  designing  is  to  take 
a  given  unit  of  satin  twill,  and  try  to  work  out  his  whole  design  upon 
variations  of  the  weave.  A  surprising  number  of  figures  can  be 
made  on  the  basis  of  a  four-end  satin  twill,  weft  and  warp.  Say 
that  we  elect  to  complete  the  whole  on  a  square  made  up  of  four  of 
these  twills.  That  gives  256  warp  ends  to  work  with — with,  of  course, 
the  same  number  of  weft  picks.  A  very  good  pattern  can  be  made 
from  this  without  much  trouble.  Simply  reverse  the  flush  of  warp 
and  weft  in  the  following  order:  i,  2,  3,  twill  warp  flushed,  4  weft; 
I,  2,  4,  warp,  3,  weft;  i,  3,  4,  warp,  2,  weft;  2,  3,  4,  warp,  i,  weft. 
By  itself  this  would  not  afford  much  of  a  pattern ;  but  we  have  now 
to  consider  the  cording  of  the  Jacquard.  In  one  neck  cord  we  tie 
up  in  the  following  order:  Neck  cord  i,  warp  end  i  of  twill  i;  2  of 
twill  i;  I  of  twill  3;  3  of  twill  3;  3,  i,  2  of  twill  4.  Neck  cord  2 
carries  the  second  section  of  the  diamond  draft;  and  so  on  throughout, 
till  all  the  256  warp  ends  are  mailed  and  hooked  up.  Such  a  pattern 
could  be  carried  out  on  a  500-Jacquard  with  512  hooks.  The  pattern 
produced  is  a  series  of  combined  rectangular  and  corded  circular 
figures,  exquisitely  balanced.  The  design  thus  briefly  sketched  was 
a  favourite  for  damask  tablecloths  during  the  early  part  of  the  nine- 
teenth century,  and  may  be  commended  for  revival  in  place  of  some 
of  the  spurious  designs  now  made. 

Flowering.  —  One  class  of  modern  damask  figures  must  be  re- 
spected as  exhibiting  fine  taste  and  culture,  and  that  is  the  flower 
patterns.  Superficially  complex,  these  figures  present  no  difficulty  to 
the  designer  who  has  mastered  the  principles  already  laid  down.  Find 
the  size  of  the  twill  employed,  or  the  twills  if  there  are  more  than 
one,  and  divide  the  design  up  into  the  sections  represented  by  the 
warp  ends  in  the  twills.  By  marking  the  warp  ends  elevated  in  each, 
it  is  evident  that  we  discover  the  elevation  of  all  in  the  pattern.  Those 
which  always  lift  at  the  same  time  should  be  put  on  one  neck  cord 
of  the  Jacquard;  if  all  lift  differently,  then  we  must  employ  the  largest 
Jacquard  required,  and  the  presser  harness  if  necessary. 
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Brocades. — At  once  the  richest  and  most  costly  of  all  textile  fabrics, 
brocade  is  not  often  woven  on  the  power  loom.  Here  the  hand-loom 
weaver  still  holds  his  own.  Still,  there  is  nothing  in  the  nature  of 
the  fabric  which  hinders  it  from  being  successfully  woven  in  the  power 
factory ;  on  the  contrary,  it  can  thus  be  produced  at  smaller  cost.  The 
special  feature  of  brocade,  from  the  designer's  point  of  view,  is  the  fact 
that  the  figuring  is  done  by  the  weft,  while  the  warp  furnishes  the 
ground.  This  makes  the  task  of  designing  and  drafting  comparatively 
simple.  Having  drawn  the  design  which  is  to  be  woven,  the  designer 
puts  it  upon  point  paper,  the  scale  of  which  is  adjusted  to  the  number 
of  threads  per  inch  in  the  cloth.  At  every  point  where  the  figure 
appears,  the  warp  ends  must  be  depressed,  and  all  over  the  ground 
they  must  be  lifted.  Having  made  his  treading  plan,  he  cuts  the 
Jacquard  cards  accordingly,  each  card  standing  by  itself,  and  directing 
a  different  combination  of  warp  and  weft.  That  is  to  say,  the  brocade 
designer  makes  his  cloth  as  a  painter  paints  a  picture,  or  the  em- 
broiderer sews  a  piece  of  embroidery. 

An  artist,  with  the  freedom  of  art,  the  weaver  of  brocade  is  not 
therefore  exempt  from  the  laws  which  govern  textile  production. 
First  of  all,  and  essentially,  he  must  understand  thoroughly  the  science 
of  weaving  and  the  nature  of  the  materials  with  which  he  works.  It 
is  necessary,  for  example,  to  see  that  no  thread  of  warp,  or  section 
of  warp  ends,  is  taken  up  more  than  any  other.  We  might  design 
a  figure  which  looked  well  on  paper,  which  yet,  because  it  left  the 
warp  ends  in  one  part  unwoven  and  intimately  combined  the  other 
warp  ends  with  the  thick  golden  weft,  would  be  impracticable.  The 
floating  warp  would  sag,  and  the  cloth  appear  uneven  and  irregular. 
A  slight  difference  may  be  allowed  in  a  few  ends,  if  the  binding  of  the 
edges  of  the  figures  is  firmly  done;  but,  in  the  main,  the  best  brocade 
is  that  which  balances  equally  all  over  the  width  of  the  fabric  the 
combination  of  warp  with  weft. 
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CHAPTER     VII 
Gauze  Patterns 

Gauze. — Differing  from  every  other  fabric  in  the  disposition  of  the 
warp  threads,  gauze  introduces  a  new  idea  into  weaving,  to  which  we 
ought  to  pay  close  attention.  The  movement  of  warp  in  weaving 
ordinary  cloth  is  always  vertical;  variation  is  limited  to  the  proportion 
of  ends  lifted  and  depressed;  the  whole  body  of  the  warp  remains  in 
the  longitudinal  plane.  According  to  the  constitution  of  the  loom, 
it  could  hardly  be  otherwise;  the  warp  passes 
straight  from  the  beam  through  the  heald  eyes 
and  into  the  reed,  thence  on  to  the  cloth  beam. 

Long   ago,   however,   the  subtle    Hindu  mind      _^_^_^_^_^_^_^_^_^ 
sought    and    found    means    of    modifying    the        NL^kSnliLTL  ikitYk 
apparently  necessary  restriction  upon  the  warp.         Jr  Jr  Jr  Jr  Jr  JrJnr  Jr 
The  clever  craftsmen  devised  means  of  crossing         .b  ,b  ,b  ,b  ,bl!) ,!)  ib  ib" 
one  warp  end  over  the  one  next  to  it,  and  in-        NLSLSkTkTnkSnl^k' 
serting  a  weft  pick  into  the  cross,  forming  the  ^.  ^.       '     ^ 

<->  >■  <->  Fig.  431. — Diagram  of  Gauze 

fabric  we  now  call  gauze.     The  change  v^^as  not 

great;   but  it  broke  what  seemed  an  immovable  barrier,  and  brought 

into  existence  one  of  the  lightest,  finest,  and  most  beautiful  of  textile 

fabrics. 

Gauze  Healds. — A  loom  of  special  structure  is  needed  for  the 
weaving  of  gauze,  and  the  nature  of  the  fabric  may  be  best  shown 
by  explanation  of  those  points  in  which  the  gauze  loom  differs  from 
the  ordinary  loom.  By  referring  to  the  treatment  of  the  gauze  loom 
in  Part  IV,  the  reader  will  find  a  detailed  study  of  the  whole  struc- 
ture. Attention  is  here  confined  to  the  warp  mechanisms  alone.  Even 
so,  some  repetition  is  incurred,  but  a  clear  understanding  of  the  con- 
struction and  operation  of  the  heald  shafts  and  warp  motions  is  vital 
to  the  theory  of  gauze  design.  Assuming  warp  beams,  slackeners, 
reeds,  and  battens,  we  will  try  to  show  the  form  and  functions  of  the 
shedding  apparatus  of  the  gauze  loom. 

Heald  Shafts  and  Doup  Heald. — To  weave  plain  gauze  we  require 
two  ordinary  healds  and  what  is  called  the  doup  heald.  A  slight  con- 
fusion of  terms  occurs  in  connection  with  the  latter.  Some  speak  of 
the  whole  heald  as  the  doup,  and  others  call  the  half-heald  only 
the  doup  and  the  rest  the  standard.  We  think  the  best  way  is  to 
differentiate  between  the  standard,  or  whole  heald,  and  the  half-heald 
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by  naming  the  latter  the  doup.  The  two  ordinary  heald  shafts  are 
hung  in  the  loom  in  the  ordinary  way,  the  odd-numbered  warp  ends 
healded  through  shaft  2,  counting  from  front  to  back,  and  the  even- 
number  ends  through  heald  shaft  i.  Three  or  four  inches  in  front 
of  these  two  shafts,  and  between  it  and  the  cloth  fell,  the  heald  shafts 
characteristic  of  the  gauze  loom  are  hung.  These  are  a  whole  heald 
shaft,  designated  the  standard,  and  the  half- heald  shaft  named  for 
our  purpose  the  doup.  Within  the  heald  eyes  of  the  standard,  the 
eyes  of  the  half-heald  are  looped,  or  otherwise  secured.  From  the 
back  heald  shaft,  the  odd-numbered  warp  ends  are  crossed  under  the 
even-numbered  ends,  and  through  the  healds  on  the  doup. 

Primarily,  the  object  of  this  structure  is  to  obtain  a  means  of  making 
the  odd  threads  of  the  warp  lift  nearly  two-thirds  round  the  even 
threads.  If  the  crossed  ends  are  lifted,  being  already  passed  under 
the  other  ends,   they  will   naturally  be  almost  round  them.      Another 


Fig.  432. — Section  of  Gauze 

object  is  also  aimed  at.  If  the  warp  and  weft  are  to  be  woven  into 
plain  cloth,  the  alternate  crossing  of  the  pair  of  common  heald  shafts 
will  not  be  interfered  with  by  the  crossing  standard  and  doup,  because 
the  doup  moves  easily  up  and  down  on  the  standard,  in  obedience 
to  the  lift  of  the  second  heald  shaft.  It  is  scarcely  necessary  for  the 
present  to  go  into  further  detail;  the  other  factors  in  the  gauze 
structure  have  to  be  seen  first. 

Gauze  Structure. — Plain  gauze  shows  a  structure  in  various  par- 
ticulars unlike  cloth.  The  weft  picks  lie  apart,  and  the  warp  ends 
appear  as  if  twisted  round  each  other.  Examined  closely,  the  warp 
threads  are  seen  to  be  twined  from  side  to  side  upon  each  other  in 
pairs,  the  spiral  twist  being  rendered  permanent  by  the  insertion  of 
a  weft  thread  at  every  twist,   in  between  the  two  warp  threads. 

The  Method  of  Weaving. — There  are  really  several  methods  of 
weaving  plain  gauze.  On  the  oldest  method,  the  mounting  consisted 
of  two  back  leaves  of  common  heddles,  two  plain  front  leaves,  then 
named  standards,  and  two  half-healds,  or  doups.  We  need  hardly 
pause  over  this  method,  because  it  has  been  long  discarded;  we  may 
therefore  confine  our  attention  to  the  two  methods  which  employ  the 
same  number  of  heald  shafts,  though  in  different  ways. 

We  have  described  the  pair  of  heald  shafts,  with  the  doup  heald 
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on  the  standard.  The  first  method  of  using  this  mounting  is  the  one 
which  always  makes  one  warp  end  and  heald  shaft  the  undermost  and 
stationary.  On  the  back  heald  shaft  all  the  crossing  threads  are 
healded;  the  front  shaft  carries  the  stationary  ends.  The  crossed 
ends  are  passed  through  the  doup.  Now,  if  plain  cloth  were  to  be 
woven,  we  should  have  heald  shafts  i  and  2  mutually  crossing,  and 
the  doup  heald  always  rising  with  shaft  2.  But  when  gauze  is  being 
formed,  the  front  shaft  never  moves,  simply  holding  down  the  warp 
ends  being  crossed;    the  interplay   is    between    the    back    heald    shaft 
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and  the  doup.  On  pick  i  the  doup  is  lifted,  while  the  two  heald 
shafts  are  depressed;  on  pick  2  the  doup  and  heald  shaft  2  are  lifted, 
while  shaft  i  remains  depressed.  The  effect  of  the  first  motion  is  to 
lift  the  crossing  threads  over  the  standard  ends,  and  allow  the  weft 
pick  to  pass  between  them ;  the  effect  of  the  second  motion  is  to  bring 
back  the  crossing  threads  on  the  other  side  of  the  standard  threads 
and  allow  a  pick  of  binding  weft  to  pass  in  through  the  opening 
thus  made. 

It  is  easy  to  perceive  how  the  crossing  and  stationary  warp  ends 
are  twisted  and  bound  together  by  the  method  detailed  above.     But 
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a  yet  newer  method,  of  which  we  have  the  pegging  plan,  draft,  and 
cloth  shown,  accomplishes  the  same  purpose  by  a  different  way.  In 
this  method,  instead  of  being  always  at  a  stand,  the  standard  warp  end 
is  always  lifted  (fig.  433).  In  order  to  show  this  fully,  let  us  take  four 
picks  and  four  ends.  On  pick  i  heald  shaft  2  and  the  doup  heald  are 
lifted ;  on  pick  2  the  two  heald  shafts  are  lifted,  while  the  doup  is 
stationary;  on  pick  3  the  back  heald  shaft  and  the  doup  lift;  on  pick  4 
the  heald  shaft  i  and  2  lift.  What  is  the  effect  of  those  motions?  On 
picks  I  and  3  an  open  shed  is  made,  with  the  crossing  warp  end  on  one 
side  of  the  standard  end ;  on  picks  2  and  4  a  crossing  shed  is  made, 
with  the  crossing  warp  end  on  the  other  side  of  its  neighbouring 
standard  end.  Through  each  shed  the  weft  pick  has  flown,  confirming 
the  twist  and  rendering  the  spiral  crossing  permanent. 

One  point  must  be  carefully  noted.  When  a  crossing  occurs, 
the  crossing  warp  end  passes  over  the  gauze  pick,  and  it  must  pass 
over  both  the  pick  preceding  and  the  pick  succeeding  it,  or  else  the 
combination  will  not  be  decisive  and  binding. 

Slackeners. — In  examining  the  structure  of  the  gauze  loom  we  have 
carefully  gone  over  the  various  means  adopted  for  slacking  the  warp 
ends  to  allow  of  the  doup  lift,  without  entailing  breakage  upon  them. 
Some  slackeners  are  extra  heald  shafts,  and  others  are  pairs  of  rods 
operated  from  the  Jacquard.  Whatever  may  be  the  form  adopted,  the 
yield  should  always  be  equal  to  the  extra  lift  of  the  doup  heald  in 
crossing,  and  as  quick  in  return  as  possible.  The  ideal  shed  for  gauze 
is  the  closed,  or  Jacquard,  shed,  and  at  the  beginning  of  each  successive 
operation  the  warp  should  be  as  if  it  had  never  been  moved. 

Lino. — One  of  the  commonest  forms  of  gauze  cloth  is  the  lino^ 
in  which  a  plain  pick  alternates  with  a  crossed  pick.  If  the  consti- 
tution of  the  gauze  is  regarded,  however,  it  will  be  seen  that  alternate 
picking,  in  the  literal  sense  of  the  term,  is  not  possible.  We  must 
always  have  two  crossed  picks  on  each  side  of  the  plain,  or  else  no 
gauze  formation  would  be  produced.  The  treading  plan  of  lino, 
therefore,  is  a  crossed  warp  end  lifted  every  second  shot,  and  the 
other  two  alternately. 

Alternate  Stripes. — The  gauze  pattern  being  formed  by  the  crossing 
of  one  warp  end  over  the  other,  it  is  easy  to  try  the  experiment  of 
changing  the  crossings  alternately.  Say  that  No.  i  pair  of  warp 
ends  is  crossed  from  left  to  right;  let  the  next  pair  be  crossed  from 
right  to  left.  In  this  case  the  plan  of  drafting  is  changed.  On 
ordinary  gauze   all    the  odd  ends  are  the   crossing   threads;    on    this 
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gauze  the  crossing  ends  are  alternately  odd  and  even.  Slight  as  the 
change  is,  it  has  a  wonderful  effect  on  the  appearance  of  the  fabric. 

Piquet. — As  a  plain  ground  for  figuring,  the  fabric  called  piquet 
is  very  useful.  The  warp  is  sleyed  in  a  fine  reed,  missing  one  dent 
in  three  or  four,  conveying  to  the  eye  an  impression  of  small  longi- 
tudinal stripes.     Otherwise,  piquet  is  the  same  as  plain  gauze. 

Gauze  Patterns. — Being  a  fancy  fabric,  gauze  has  been  largely 
varied  for  the  sake  of  ornament.  Alternation  of  plain  and  gauze 
formation  is  the  most  obvious  method  of  figuring.  We  can  either 
shape  the  plain  cloth  into  figures  on  the  gauze,  or  gauze  figures  on 
the  plain  cloth.  Figures  of  that  kind  may  be  formed  by  simply  varying 
the  draft  and  the  treading  plan,  as  in  ordinary  weaving;  but  the  work 
would  be  very  complex.  For  example,  if  an  eight-end  diagonal  twill 
were  aimed  at,  no  fewer  than  four  doup  healds  would  have  to  be 
employed.  Let  us  suppose  a  common  case.  The  eight  heald  shafts 
are  drafted  straight,  and  each  crossing  warp  end  is  healded  on  the 
doup.  When  plain  cloth  is  being  woven,  the  common  healds  are 
working  in  the  normal  position,  and  the  half-healds  lift  idly  with 
the  alternate  heald  shafts.  As  soon  as  gauze  is  to  be  woven,  all 
the  doups  become  active,  crossing  the  ends.  As  no  two  ends  lift 
and  sink  at  the  one  time,  we  must  have  eight  heald  shafts  and  four 
doup  healds.  But  suppose,  instead  of  that  method,  we  choose  to 
work  the  plain  cloth  with  the  crossed  threads,  and  the  doup  heald 
active,  what  then?  When  four  doups  are  employed,  each  doup  heald 
is  lifted  in  succession  in  place  of  the  heald  through  which  the  cross- 
ing thread  is  drawn,  so  that  the  whole  cloth  is  plain  except  at  one 
point,  viz.  the  first  pick.  At  the  second  pick  all  the  straight  threads 
are  lifted  as  in  ordinary  plain  cloth;  the  third  pick  is  the  same  as 
the  first,  with  the  exception  that  No.  2  doup  lifts  the  warp  end  in- 
stead of  heald  shaft  3;  the  fourth  pick  is  again  plain;  the  fifth  pick 
utilizes  doup  heald  3,  and  so  on  to  the  end  of  the  pattern. 

Turn  now  to  the  method  hinted  at.  In  this  there  is  only  one 
doup  heald.  When  the  doup  heald  is  lifted  for  one  pick,  and  the 
heald  shafts  2,  4,  6,  and  8  are  lifted  for  the  next  pick,  a  plain  cloth 
will  be  woven.  On  the  contrary,  when  the  doup  heald  is  not  lifted, 
but  one  of  the  heald  shafts  carrying  a  crossing  thread  is  lifted,  a 
crossing  must  result  and  gauze  be  woven.  It  follows,  therefore,  that 
if  we  continue  to  lift  the  doup  heald  at  every  alternate  pick  throughout, 
and  on  the  alternate  pick  raise  any  of  the  heald  shafts  carrying  the 
straight  threads,  a  perfectly  plain   cloth  will   be   made  at  that  point; 
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if,  on  the  other  hand,  those  healds  carrying  crossing  warp  ends  are 
raised,  on  the  intermediate  pick  a  crossing  takes  place  at  each  point 
where  such  heald  shaft  is  raised. 

An  Important  Principle  of  Gauze. — This  principle  is  of  application 
so  extensive  that  detailed  attention  to  it  is  worth  while.  Say  that  we 
aim  at  a  line  of  gauze  running  diagonally  across  the  web,  the  pattern 
to  be  complete  in  eight  threads.  On  pick  i  the  doup  heald  lifts 
and  plain  cloth  is  woven;  on  pick  2  heald  shaft  i  is  lifted  and  a 
crossing  on  the  first  pair  of  threads  is  accomplished;  on  pick  3  heald 
shafts  4,  6,  and  8  are  raised  to  form  plain  cloth;  on  pick  4  heald 
shaft  3  is  raised,  causing  a  crossing  of  the  second  pair  of  threads, 
while  the  others  form  plain;  pick  5  again  is  a  plain  pick;  on  pick  6 
heald  shaft  5  lifts,  causing  a  crossing  of  the  third  pair  of  threads; 
pick  7  is  plain;  on  pick  8  heald  shaft  7  is  raised,  causing  a  crossing 
on  the  fourth  pair  of  threads,  completing  the  whole  pattern. 

Once  it  is  understood,  this  principle  is  extremely  simple  and  easy 
of  application.  Group  the  threads  in  pairs,  and  when  gauze  is 
wanted,  lift  the  heald  shafts  carrying  the  crossing  threads;  when 
plain  is  wanted,  lift  the  straight  threads,  the  doup  rising  every 
alternate  pick. 

Figuring,  Twilling,  and  Netting. — We  have  not  space  in  which  to 
work  out  all  the  classes  of  patterns  which  the  gauze  weaver  and 
designer  is  called  upon  to  undertake.  The  whole  aim  of  the  gauze 
weaver  is  to  utilize,  in  his  own  way  and  for  his  special  purposes,  all 
the  principles  of  cloth  weaving.  By  a  variation  in  crossings,  fabrics 
may  be  produced  which  will  present  the  appearance  of  the  finest  lace, 
the  crossings  being  arranged  so  that  the  weft  threads,  as  well  as  the 
warp  threads,  are  bent  out  of  the  straight  lines  which  they  would 
otherwise  assume,  and  pattern  shown  by  variation  in  the  bend  of  the 
threads  and  variation  in  the  spaces  between  them. 

Let  us  begin  with  simple  stripes  running  across  the  piece,  gauze 
and  plain  alternately,  premising  that  the  gauze  is  of  an  open  nature. 
The  device  adopted  for  the  latter  object  is  to  make  one  thread  cross 
two,  or  three,  or  any  number  which  may  be  required.  The  pattern, 
for  example,  is  to  consist  of  five  picks  plain  cloth  and  one  gauze. 
To  make  the  one  gauze  pick  stand  out  clear,  we  cross  three  threads. 
We  draft  three  threads  in  the  ordinary  way,  and  then  cross  the  fourth 
thread  under  the  other  three  and  into  the  doup-heald  shaft.  Now, 
we  ask  why  there  should  be  five  picks  of  plain  between  the  gauze 
picks.     The  reason  is,  that  whenever  a  crossing  takes  place  on  each 
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side  of  a  weft  pick,  the  heald  shaft  carrying  the  crossing  thread  must 
rise  immediately  before  the  doup  and  immediately  after  it.  Unless 
there  were  an  odd  number  of  picks  it  could  not  do  that;  in  every 
case  we  must  have  an  odd  number  of  plain  picks;  they  may  be  three, 
five,  seven,  or  any  number,  but  the  odd  pick  of  plain  is  absolutely 
necessary. 

Fancy  Gauze.  —  Alternation  of  plain  with  diagonal  and  crossed 
stripes,  in  any  proportion,  may  be  effected  by  the  method  described; 
but  to  obtain  a  complete  figure  we  must  have  the  power  of  continuing 
the  pattern  in  any  direction.  Being  able  to  traverse  diagonally  in 
any  degree,  the  only  difficulty  seems  to  be  the  making  of  pattern 
lengthwise.  The  method  of  obtaining  this  is  simple,  but  involves 
a  change  on  the  heald  shafts  which  is  not  always  convenient.  The 
object  is  to  draft  the  warp  as  if  for  a  plain  cloth  and  a  gauze  separate. 
A  certain  portion  of  the  heald  shafts  carry  the  gauze,  and  the  other 
portion  the  plain-cloth  warp,  healded  in  the  ordinary  manner.  Doups 
and  healds,  therefore,  must  be  corded  in  sections.  Say  that  we  have 
four  ends  gauze  and  four  plain,  then  six  heald  shafts  would  be  required, 
in  addition  to  the  doup  heald  or  healds.  The  four  front  heald  shafts 
and  the  doup  carry  the  gauze  warp  to  the  breadth  of  the  gauze.  An 
open  space  then  intervenes,  and  through  this  the  plain  cloth  warp 
passes  on  to  the  heald  shafts  at  the  back. 

Working  the  Jacquard. — Working  with  the  Jacquard  the  same 
object  may  be  attained  in  a  simpler  manner.  Suppose  we  attempt 
a  striped  pattern  consisting  of  a  figured  and  a  gauze  stripe  alter- 
nately. We  draw  the  warp  threads  through  the  harness  in  the  usual 
manner  for  the  figure,  and  draft  the  gauze  on  the  doup  just  as  though 
it  were  placed  in  front  of  a  set  of  ordinary  heald  shafts,  those  not 
passing  through  the  doup  heald,  or  crossed  by  the  douped  threads, 
being  worked  as  though  there  were  no  doup.  These  latter  remain 
in  the  ordinary  position,  and  therefore  any  figure  may  be  worked 
upon  them.  The  stripes  are  treated  as  ordinary  cloths  and  the  gauze 
as  ordinary  gauze.  When  one  thread  is  crossing,  say,  three,  this 
gives  great  facility  for  producing  good  effects,  because  the  object 
generally  is  to  make  as  much  difference  as  possible  between  the 
openness  of  the  gauze  texture  and  the  closeness  of  the  figured  stripe. 
One  way  of  effecting  the  object  desired  is  to  insert  three  or  more  picks 
in  each  shed  of  the  gauze  portion,  and  weave  the  figured  stripe  with 
a  plain  or  twilled  ground.  The  added  weft  makes  the  latter  portion 
firm  and  compact,  accentuating  the  difference  between  the  two  stripes. 
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From  this  basis  we  can  proceed  farther.  Having  the  power  of 
changing  the  gauze  formation  into  plain  at  any  moment  by  simply 
working  as  though  the  doup  heald  were  not  in  existence,  the  figuring 
and  gauze  may  be  broken  up  into  any  shape,  exhibiting  in  a  com- 
bined pattern,  gauze,  figured  gauze,  plain  weave,  and  figured  ordinary 
cloth. 

As  an  instance,  let  us  undertake  a  combination  of  four -thread 
twill,  warp  and  weft  flushed  alternately  two  and  two,  with  gauze, 
the  twill  to  form  figures  on  the  gauze  ground.  The  first  condition 
is  that  each  thread  comes  to  the  surface  two  picks  in  succession  on 
the  twill ;  where  the  twill  is  being  formed,  the  doup  heald  must  be 
working  and  bringing  the  crossing  thread  into  what  has  been  termed 
the  false  position.  Because,  when  we  work  on  this  plan,  with  an 
ordinary  harness  and  doup,  the  ground  must  be  formed  with  the 
crossing  thread  in  the  false  position,  and  the  gauze  by  its  being 
brought  into  the  normal  position.  The  doup  heald,  therefore,  must 
obey  the  requirement  of  the  twilled  and  plain  cloth  which  is  being 
formed  in  conjunction  with  the  gauze. 

Working  up  these  few  main  principles,  the  gauze  designer  will 
find  himself  able  to  produce  a  very  large  variety  of  patterns  upon 
the  plain  heald  shafts  and  the  Jacquard,  with  only  one  or  two  doup 
healds. 

Lappet  Figuring  on  Gauze. — Every  weaver  and  designer  ought 
to  be  thoroughly  acquainted  with  the  mechanisms  of  all  the  looms. 
Though  the  loom  builder  and  mill  mechanic  between  them  undertake 
to  keep  the  weaver  supplied  with  efficient  machines,  the  true  basis  of 
his  labour  is  a  knowledge  of  loom  structure.  Designers  of  ordinary 
cloths  may  content  themselves  with  a  mere  general  knowledge  of 
weaving  mechanisms,  but  the  designer  of  lappets  actually  takes  part 
in  the  construction  of  his  machine,  sometimes  making  it  himself,  but 
always  drawing  the  pattern.  For  the  chief  tool  of  the  lappet  weaver 
and  designer  is  the  disc  known  as  the  lappet  wheels  the  structure  of 
which  is  wholly  determined  by  the  nature  of  the  design. 

Lappet  Structure. — Before  the  character  of  the  lappet  wheel  and 
its  function  can  be  understood,  we  must  clearly  know  what  lappet 
really  is.  Lappet  weaving  is  figuring  on  gauze,  or  other  fabrics,  by 
extra  warp  threads.  The  threads  are  interwoven  with  the  warp  and 
weft  of  the  fabric,  and  may  be  shaped  in  zigzag  lines,  spots,  or  other 
figures  which  the  ingenuity  of  the  designer  may  devise. 

Whip  Appliances. — The  extra  warp  figuring  threads  are  technically 
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called  ■whip.  As  a  rule,  those  threads  are  thicker  than  the  warp  and 
weft  of  the  fabric  into  which  they  are  woven.  Acting  only  as  figuring 
agents,  and  entering  in  a  very  slight  degree  into  the  constitution  of 
the  cloth,  the  whip  threads  are  not  carried  on  a  warp  beam,  nor  healded 
in  the  ordinary  way.  Needles  are  stuck,  eyes  upwards,  in  long  laths, 
which  are  fixed  upon  bars  across  the  loom  under  the  warp  proper. 
The  laths  and  bearing  frames  have  a  double  motion,  up  and  down 
to  lift  and  depress  the  threads,  and  lateral  to  execute  the  figures. 
It  is  with  the  latter  function  the  designer  has  most  to  do.  The  lateral 
motion  of  the  threads 
is  governed  by  discs, 
named  lappet  wheelsy 
one  of  which  may  be 
on  the  side  of  the  loom, 
or  perhaps  two,  the  two 
being  placed  one  on 
each  side. 

Fashioning  the 
Lappet  Wheel.  —  A 
lappet  wheel  is  gener- 
ally made  of  some  hard 
wood,  preferably  s)'ca- 
more  or  plane  tree. 
The  size  of  the  wheel 
depends  upon  the  uses 
to  which  it  may  be  put, 
but  it  is  generally  about 
12     in.     in     diameter. 

Having  been  smoothly  turned  and  rounded,  the  wheel  is  grooved 
round  its  circumference,  on  one  side,  to  carry  the  spring  and  cord 
which  impart  motion  to  it. 

On  one  side  of  the  round  disc  a  series  of  concentric  circles  are 
inscribed,  each  separated  from  the  other  by  a  space  equal  to  the 
space  between  two  dents  in  the  reed.  The  edge  of  the  lappet  wheel 
is  cut  into  a  series  of  teeth,  the  number  of  which  depends  upon  the 
number  of  shots  in  the  pattern,  with  two  or  more  over,  according 
to  the  nature  of  the  weave.  When  the  teeth  have  been  marked  off 
as  radii  from  the  centre  to  the  circumference,  they  are  cut. 

It  is  only  by  a  concrete  instance  that  the  cutting  of  the  groove  on 
the  lappet  wheel  can  be  shown  satisfactorily.     Suppose  we  are  work- 
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ing-  a  spot  shaped  like  a  leaf,  fastened  at  each  end;  let  us  try  how  it 
works  on  a  twelve-hundred  reed.  The  leaf  or  spot  occupies  ten 
spaces  of  the  design  paper  from  left  to  right,  or  ten  dents  of  warp; 
and  as  every  space  counted  upwards  requires  one  tooth  of  the  wheel, 
and  is  equivalent  to  two  shots  of  the  ground,  it  follows  that  there  will 
be  fourteen  teeth  required  for  this  part  of  the  wheel,  and  that  twenty- 
eight  shots  of  the  ground  must  be  thrown  in  while  this  part  of  the 
pattern  is  weaving.  But  there  is  a  fastening  dent  both  at  the  beginning 
and  at  the  end  of  this  spot;  two  additional  teeth  will  therefore  be 
necessary  for  this  purpose.  As  the  same  takes  place  at  the  other  end, 
and  a  tooth  is  required  for  the  shift  between  one  spot  and  another,  the 
whole  number  of  teeth  will  be  thirty-three. 

Again,  as  the  concentric  or  reed  circles  are  drawn  at  the  distance 
of  two  dents  of  a  twelve-hundred  reed  from  each  other,  and  the  spot 
occupies  ten  dents,  it  follows  that  five  of  these  spaces  will  be  the  exact 
breadth  of  the  groove  at  its  greatest  extent.  But  another  factor  must 
be  taken  into  account.  As  we  pointed  out  in  our  description  of  the 
lappet  loom,  the  iron  finger  at  the  end  of  the  needle  frame,  which  is 
called  the  peck^  is  of  a  given  thickness,  and  the  normal  size  of  the 
groove  must  be  at  least  equal  to  its  width.  Say  that  the  peck  is  four 
dents  wide,  and  that  the  smallest  part  of  the  groove  is  two,  then  two 
more  spaces  must  be  taken  into  account  all  round.  On  the  first  space 
of  the  design,  at  the  bottom,  there  are  six  squares  blank,  counting 
from  the  left  between  the  extremity  of  the  spot  and  the  fastening  dent; 
three  spaces  are  therefore  counted  off  on  the  wheel,  at  the  beginning 
of  the  spot.  Make  a  mark  there  for  one  side  of  the  groove.  Again, 
count  two  more  spaces  for  the  diameter  of  the  peck,  add  half  a  space 
for  the  fastening  dent,  and  make  another  mark;  this  will  point  out 
the  breadth  of  the  groove  at  this  tooth  of  the  wheel.  As  the  spot 
extends  two  dents  to  the  left  and  one  to  the  right  on  the  second  space 
of  the  design,  make  a  mark  at  a  full  space  to  the  left,  and  half  a  space 
to  the  right,  of  the  wheel;  this  will  give  the  breadth  of  the  groove 
at  the  second  tooth.  On  the  third  space  of  the  design  the  figure 
extends  two  more  spaces  to  the  left  and  one  to  the  right;  these,  being 
marked  off  as  before,  will  give  the  breadth  for  the  third  tooth.  Going 
right  round  the  whole  fourteen  teeth,  we  carry  out  the  same  method, 
and  at  the  fourteenth  again  contract  the  groove  to  five  dents  or  spaces, 
which  gives  four  for  the  breadth  of  the  peck  and  one  for  the  fastening. 

The  other  half  of  the  pattern  is  a  repeat  of  the  spot,  but  in  reverse. 
There   are   six   dents   between   the   one   and   the  other;    therefore  the 
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position  of  the  commencement  of  the  groove  is  shifted  to  that  degree; 
but  otherwise  the  second  series  of  grooves  is  a  repeat  of  the  first. 

Having  got  all  the  marks,  we  join  them  in  even  lines,  taking  care 
at  each  deviation  to  make  it  between  one  line  and  the  next,  so  that  the 
peck  will  move  smoothly  round.  Cut  the  groove  with  chisel  and  mallet, 
and  the  lappet  wheel  is  ready  for  work. 

Other  Wheels. — The  wheel  described  is  only  for  one  frame  and  one 
kind  of  spot,  which  is  solid  and  capable  of  being  carried  through  as 
a  unity.  But  we  expect  to  work  a  variety  of  spots,  some  divided  into 
two  or  three,  some  extending  more  in  one  direction  than  another.  The 
wheel  must  be  split  up  into  parts  for  these,  and  two  or  more  needle 
frames  employed.  The  method,  however,  is  the  same;  we  measure 
off  the  groove  for  each  set  and  cut  accordingly. 

Drop  Frames. — Sometimes  a  pattern  is  composed  of  spots  widely 
separated  from  each  other.  In  that  case  we  require  what  are  called 
drop  frames.  As  formerly  described,  the  needle  frames  are  geared  so 
as  to  drop  down  out  of  range  of  the  warp  altogether.  The  variation 
of  pattern  thus  afforded  is  considerable.  Say  that  we  take  a  three- 
needle  frame  to  produce,  on  the  one  hand,  a  broken  spot,  and  on  the 
other  a  continuous  border.  In  this  case  one  of  the  needle  frames 
would  be  continuously  at  work,  while  the  other  two  would  operate 
intermittently.  A  ring  groove  is  cut  in  the  back  of  the  lappet  wheel 
for  each  drop  pattern,  and  two  or  more  strips  of  metal  are  pressed  into 
each  groove.  Each  space  separating  two  strips  represents  the  active 
period  of  the  corresponding  bar.  The  strips  require  to  stand  out  at 
heights  varying  with  the  distance  between  them  and  the  pecks. 

Needles. — The  positions  and  numbers  of  needles  on  the  frames  have 
to  be  determined,  and  the  method  used  is  as  follows.  Taking  the 
pattern  already  treated,  we  find  that  there  are  10  dents  in  each  of  the 
pairs  of  spots,  and  6  in  each  of  the  intervening  plains,  making  on 
the  whole  32  dents  for  the  range  allowed  to  each  needle.  As  the 
needles  in  this  pattern  are  all  placed  at  equal  distances,  we  have 
only  to  divide  the  number  of  warp  ends  by  64,  two  threads  to  the 
dent,  to  find  the  number  of  needles  and  ends  of  whip  required.  Say 
that  the  reed  is  five-fourths  broad,  of  a  1200,  that  gives  150  dents 
and  3000  warp  ends.  Dividing  3000  by  64,  we  obtain  nearly  47. 
That  gives  either  46  or  47  needles,  just  as  we  choose.  For  placing 
the  needles,  we  mark  off  the  needle  shaft  into  32  equal  divisions,  and 
stick  the  needles  in  the  marks  thus  shown. 

When  the  needles  are  placed  at  unequal  distances,  or  when  more 
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than  one  needle  frame  is  employed,  each  one  different,  as  may  happen, 
we  take  the  number  of  dents  traversed  by  each  one  of  a  set  of  needles, 
and  calculate  accordingly. 

Lappet  Patterns. — The  variety  of  lappet  patterns  is  large,  but 
the  figures  must  either  partake  of  the  lace  character  or  lie  in  lines 
across  the  fabric,  which  imparts  a  stiff  appearance.  The  effects,  even 
so,  are  very  pretty,  and  much  favoured  by  buyers. 

Some  interesting  variations  have  been  made,  in  one  case  working 
the  lappet  whips  round  a  traversing  whip  of  weft,  in  others  playing 
upon  the  lace  form,  imitating  successfully  many  of  the  larger  effects 
of  lace,  rivalling  closely  the  products  of  the  lace  loom  itself. 

No  variation  in  detail,  however,  affects  in  the  least  the  principles 
laid  down.  We  have  observed  that  novel  patterns  have  but  a  very 
short  term  of  life,  the  public  always  coming  back  to  those  old  forms 
which  they  have  been  accustomed  to  identify  with  lappet.  The  trouble 
involved  in  any  departure  generally  more  than  overbalances  the  gain 
of  novelty.  Producing  for  the  market,  the  weaver  and  designer  must 
always  take  into  account  the  cost  of  any  fresh  departure. 

Limitation  of  Lappet. — One  very  clear  limit  to  lappet  pattern  must 
always  be  remembered.  As  the  whip  is  never  interwoven  with  the 
cloth  except  at  the  extremities,  it  is  obvious  that  a  long  range  of  figure 
will  form  loosely  floating  threads  of  whip  on  the  surface  of  the  fabric. 
Large  and  bold  figures  are  certainly  desirable,  in  many  instances,  but 
if  the  whips  lie  loosely,  they  are  apt  to  catch  in  anything  with  which 
the  cloth  may  be  brought  into  contact.  It  is  better,  where  possible, 
to  try  to  obtain  the  same  effects  by  two  or  more  figures,  whipped  in 
by  two  or  more  needle  frames,  coming  close  up  to  each  other.  By 
adjusting  the  curves  of  each  figure,  we  can  deceive  the  eye  and  give 
an  aspect  of  solidity  to  what  is  in  reality  a  partitioned  figure.  Another 
method  is  to  bind  a  large  figure  in  the  middle  by  raising  a  fine  thread 
the  same  as  the  warp  on  a  needle  frame,  but  this  method  has  not  been 
found  quite  satisfactory. 

Swivels. — What  lappet  is  to  warp  figures,  swivel  is  to  weft  figures. 
The  common  method  of  making  spots  and  figures  with  extra  weft  is 
by  incorporating  the  spotting  figures  with  the  warp  and  ground,  and 
flushing  the  intervening  threads  loosely,  so  that  they  may  be  cut 
away  in  the  finishing.  To  obviate  the  waste  of  weft  and  labour,  an 
ingenious  inventor  conceived  the  idea  of  making  small  shuttles  to 
work  each  spot  or  figure  by  itself.  He  fixed  a  set  of  small  shuttles 
on  the  slay  of  the  loom  above  the  warp  line,  geared  so  as  to  be  let 
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down  upon  the  level 
of  the  shuttle  race  or 
lifted,  according  to 
requirement.  Each 
shuttle    produces    a 

length  of  weft  line  at  each  pick,  which  may  be 
combined  with  the  warp  and  each  other  variously. 
On  power  looms  the  swivel  shuttles  are  fitted  into 
a  carrying  frame  in  the  face  of  the  slay,  the  frame 
being  raised  or  lowered  by  an  attachment  to  the 
Jacquard.  The  ordinary  action  of  the  picking 
motion  is  suspended  during  the  operation.  For 
that  reason  swivels  are  seldom  woven  in  large  fac- 
tories, and  the  bulk  of  swivel  cloth  is  produced  on 
the  hand  loom. 

But  swivel  cloths  are  highly  valued,  because 
of  the  beauty  of  the  figures  and  the  accuracy 
of  detail  which  may  be  obtained  in  them.  In 
all  these  respects  the  swivel  is  superior  to  the 
lappet. 

Swivel  Designs. — On  the  weaving  side  the  de- 
signer is  under  no  restriction  in  swivels.  If  other- 
wise worth  while,  the  weaver  can  vary  figure  and 
colour  in  any  way  he  pleases.  Swivelling,  in  fact, 
is  a  kind  of  mechanical  embroidering,  the  pattern 
of  which  depends  mostly  upon  the  imaginative 
power  and  skill  of  the  worker.  We  scarcely  think 
it  necessary,  therefore,  to  enter  into  minute  detail 
of  designs  for  swivel  cloths,  because  the  weaves 
are  nothing  more  than  common  plain  or  twill, 
gauze  or  crape,  with  intervals  of  swivelling  picks, 
laid  in  according  to  design. 

Other  Gauze  Ornaments. — The  light  and  grace- 
ful white  of  the  filmy  gauze  has  tempted  weavers 
to  attempt  many  forms  of  ornament,  both  in  colour 
and  in  shape.  Few  of  these,  however,  have  taken 
long  hold  on  the  market,  and  none  has  really 
taken  a  permanent  place  in  the  trade.  By  refer- 
ring to  old  volumes  of  any  of  the  leading  textile 
trade  journals,  the  student  will  find  thousands  of 
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patterns,  and  special  contrivances  for  weaving  them,  which  have  had 
their  short  day  and  then  ceased  to  be. 


CHAPTER   VIII 
Plush   and   Velvet 

Plush  Fabrics. — Though  not  a  very  large  class,  plush  fabrics  in- 
clude a  wide  variety  of  cloths  —  velvets,  terry,  velveteen,  corduroy, 
plush,  and  the  whole  of  the  pile  carpets,  including  Persian,  Turkish, 
Axminster,  Patent  Axminster,  Crompton,  Brussels,  Wilton,  Tapestry, 
and  Tapestry  Velvet-pile  carpets.  We  purpose  leaving  the  carpets 
out  of  this  chapter,  because  these  are  specially  considered  in  a  section 
by  themselves. 

Structure  of  Plush  Fabrics. — The  skins  of  certain  animals,  such 
as  the  ermine,  sable,  marten,  and  marmot,  and  the  inner  fur  of  the 
seal,  are  smooth,  soft,  silky,  and  therefore  pleasant  to  wear  as  gar- 
ments or  winter  wraps.  So  long  as  men  were  hunters  and  lived  in 
small  settlements,  with  the  haunts  of  the  fur-bearing  animals  around 
them,  furs  were  cheap  and  plentiful;  but  as  the  communities  grew, 
and  civilization  developed,  the  animals  became  scarcer  and  shyer, 
and  furs  of  a  useful  kind  naturally  rose  in  value.  It  has  always  been 
the  rule  that,  whenever  a  desired  product  of  nature  or  of  natural  con- 
ditions rose  in  value,  men  sought  to  substitute  artificial  imitations. 
Plush  fabrics  are  woven  imitations  of  smooth,  short-haired  furs. 
Viewing  the  structure  of  a  fur,  we  see  that  it  consists  of  skin  and 
a  pile  of  hair,  springing  in  close  range  from  the  surface.  The  soft, 
silky  quality  of  the  fur  comes  from  the  vertical  hairs;  to  imitate  that 
we  must  have  a  series  of  short  threads  rising  from  the  face  of  the  fabric. 
Accordingly,  the  plush  designer  made  two  warps,  one  for  the  ground 
and  one  for  the  fur  or  pile,  the  latter  being  looped  up  in  the  weaving, 
and  the  loops  cut  to  present  vertical  threads  protruding  from  the 
surface. 

This  is  the  essential  characteristic  of  all  forms  of  plush  fabric.  No 
matter  of  what  fibre  the  body  of  the  cloth  may  be  composed,  or  to 
what  purposes  it  may  be  put,  it  is  made  up  of  pile  and  ground^  the 
pile  being  vertical  threads  or  loops  coming  out  from  the  surface  of 
the  ground. 
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Pile  Warp. — Beamed  on  a  roller  by  itself,  the  pile  warp  has  no 
shed  of  its  own;  it  forms  a  shed  with  the  ground  warp  on  the  beam 
below  it.  We  are  not,  therefore,  troubled  about  leasing  on  the  pile 
warp,  which  is  healded  on  a  single  shaft  and  sleyed  in  the  reed  two 
threads  to  the  dent.  As  a  rule,  in  both  cotton  and  silk  velvets,  the 
pile  warp  is  the  lighter  of  the  yarns  employed.  It  is,  of  course, 
consumed  at  a  great  rate,  the  amount  depending  upon  the  height  of 
the  pile,  which  may  be  varied. 


GROUND  WARP 

-PILE  WARP 
WEFT 

Fig.  436. — Structure  of  Velvet :  Section  through  the  Weft 

Looping  up  the  Pile  Warp. — To  form  the  pile,  the  warp  is  looped 
up  in  the  weaving  by  the  insertion  between  it  and  the  ground  warp 
of  rods  whose  thickness  gives  the  height  of  the  pile  required.  On 
the  hand  loom  the  weaver  inserted  each  wire  and  bound  it  in  with 
a  pick  of  weft.  The  upper  side  of  the  wire  was  grooved;  along  the 
groove  the  weaver  ran  a  sharp  knife,  called  a  truvety  cutting  the 
loops  and  freeing  the  wire  for  further  use.  Velvet  weaving,  under 
those  conditions,  was  a  slow  process,  but  the  fabric  made  was  very 
fine.  In  fact,  the  highest  qualities  of  the  fabric,  used  for  the  cere- 
monial robes  of  kings  and  princes,  peers  and  prelates,  are  still  woven 
in  that  old  slow  way.  We  now  have 
swifter  methods  of  weaving,  as  shown 
on  the  velvet  looms  already  described 
at  length.  With  this  we  have  little 
to  do  at  present,  our  object  being  to 
get  a  general  view  of  the  design  of 
the  cloth. 

Ground  Warp. — According  to  tradition,  the  ground  warp  in  the 
best  class  of  velvets  was  always  finer  and  harder  than  the  pile  warp; 
at  least,  if  there  was  any  difference  between  the  qualities,  the  ground 
had  the  better.  We  have  changed  all  that,  however,  and  the  reverse 
is  the  case  in  most  dress  velvets.  Hidden  from  the  buyer's  view, 
and  mainly  serviceable  as  the  base  and  binding  agent  of  the  pile, 
the  quality  of  the  ground  matters  little,  so  long  as  it  is  of  sufficient 
strength.  The  ground  warp  is  drafted  with  the  pile  warp  as  for  plain 
weaving,  though  the  treading  plan  gives  a  different  arrangement. 
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PILE  WARP 

Fig.  437. — Structure  of  Velvet:  Section  through 
the  Warp 
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Weft. — The  weft  of  pile  fabrics  must  be  very  strong,  because  it 
is  the  main  binding  agent.  When  weaving  cut-pile  fabrics,  we  count 
the  inserted  wire  as  a  weft  shot. 

Plush  or  Velvet  Weave. — Plush  weave  never  flushes  weft;  this 
is  the  special  feature  to  which  the  designer  must  pay  attention.  If 
we  were  to  weave  absolutely  plain,  this  would  be  impossible,  and  it 
is  necessary  to  examine  closely  into  the  treading  plan  to  discover  the 
variant  which  brings  this  about.  Take  a  piece  containing  six  ends 
of  warp  and  pile  warp  and  six  picks  of  weft,  and  follow  out  the  plan. 
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It  seems  strange,  at  first  sight,  to  see  a  plan  showing  all  the 
warp  ends  up  at  once.  The  question  naturally  occurs:  If  the  two 
warps  are  both  up,  what  holds  them?  The  reply  is:  The  wires.  These 
cause  the  pile  warp  to  be  lifted  clean  above  the  ground  warp  ends, 
and  come  in  just  at  the  moment  when  the  weft  would  be  expected  to 
flush  if  the  common  order  of  plain  weaving  were  followed.  In  other 
words,  the  ground  warp  flushes  always  when  the  weft  should  come 
up. 

Terry  Velvet. — Many  pile  fabrics  retain  the  loops  uncut;  the  velvet 
class  of  this  kind  is  called  terry.  Terry  is  often  woven  in  plain  style, 
with  the  intervention  of  a  wire  pick  every  third  tread.  The  loops 
are  only  bound  on  one  side  into  ground,  and  because  they  are  whole 
the  binding  is  sufficient. 

Figures  are  often  made  by  alternating  or  varying  terry  with  cut- 
pile  velvet.  The  binding  weft  picks  must,  in  that  case,  be  as  close 
as  for  cut  pile.  If  the  lines  of  terry  are  across  the  whole  web,  this 
may  be  modified.  In  the  same  way,  if  the  cut  pile  is  across  the  web, 
it  may  be  cut  on  the  loom.  As  a  rule,  however,  when  such  variations 
are  woven,  the  cutting  is  done  after  weaving,  the  wires  being  simply 
withdrawn  in  turn. 

Figuring  on  Velvet. — Patterns  on  velvet  are  not  very  common  at 
present,  but  fashion  may  bring  again  the  love  of  flowered  and  figured 
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plushes  so  prevalent  in  the  early  part  of  the  nineteenth  century.  The 
pile  warp  lends  itself^  to  easy  figuring,  though  the  cloth  produced 
is  not  ideal  in  structure.  Instead  of  flushing  the  pile  warp  all  over 
the  length  of  the  wire  inserted,  we  allow  selected  pile-warp  ends  to 
lie  low,  weaving  the  ground  warp  with  the  weft  like  an  ordinary  pick. 
This  gives  a  loose  stitch  of  pile  warp,  which  contrasts  strongly  with 
the  raised  pile.  Such  patterns,  of  course,  necessitate  the  use  of  a 
Jacquard,  or  other  pattern-forming  harness,  and  a  bobbin  creel  instead 
of  the  usual  beam  for  the  pile  warp,  as  the  length  taken  up  for  each 
separate  thread  of  pile  warp  may  be  different  according  to  design. 
As  has  been  hinted,  however,  no  new  weaving  theory  is  involved. 
The  pattern  is  transferred  literally  from  the  design  on  to  the  Jacquard 
cards,  each  single  stitch  being  considered  by  itself,  and  the  whole 
made  up  of  the  details. 

Brocaded  Velvet. — The  velvet  brocades  are  wrought  with  the  gold 
or  silver  threads  as  extra  weft,  and  the  figures  woven  in.  The  brocade, 
however,  is  so  exclusively  a  hand  operation  that  it  hardly  calls  for 
detailed  study.  It  partakes  rather  of  the  nature  of  embroidery  than 
of  weaving. 

Weft-pile  Fabrics.  —  Pile-warp  fabrics  are  woven  in  all  kinds  of 
fibre;  silk,  cotton,  wool,  linen,  and  ramie  are  used  in  the  making  of 
plushes.  The  nature  of  the  yarn,  however,  alters  in  no  degree  the 
methods  of  weaving.  But  it  was  considered  for  many  a  day  almost 
fraudulent  to  weave  aught  but  silk  in  the  velvet  weave  with  the  pile 
warp.  Weft  pile  was  the  expedient  favoured  by  our  honest  fore- 
fathers for  making  cotton  imitations  of  velvets.  Velveteens,  corduroys, 
thicksets,  and  cotton  velvets  have  been  the  names  given  to  the  various 
Aveft-pile  fabrics. 

Structure  of  Velveteens. — Like  velvet,  velveteen  (fig.  438)  has  a  pile 
face,  made  from  weft  as  the  former  is  made  from  warp.  The  face  pile 
is  the  flushed  weft  cut;  the  ground  of  the  cloth  forms  at  once  a  back- 
ing for  the  fabric  and  a  binding  agent  for  the  cut  pile.  The  ground 
may  be  either  plain  or  twilled;  plain  ground  is  called  tabby,  and 
twilled  ground  is  named  jean-back  or  Genoa.  A  pick  of  ground  and 
two  picks  pile  weft  alternate,  the  pile  flushing  over  three,  four,  five, 
or  seven  warp  ends,  while  ground  weaves  plain  or  twill.  One  diffi- 
culty occurs  in  the  way  of  making  velveteen  of  high  quality  or  deep 
pile.  If  we  desire  a  long  pile,  the  flush  must  be  made  wide,  and  a 
wide  flush  necessarily  leaves  bare  spaces  when  cut;  on  the  other  hand, 
a  close  pile  is  in  short  flushes,  and  the  cut  ends  of  the  pile  are  very 
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short.     To  a  certain  extent  this  difficulty  can  be  obviated  in  common 
velveteen  by  adopting  a  satin  weave,  changing-  the  range  of  flushing 


B 


Fig.  438. — Structure  of  Velveteen 

A  shows  a  plain  cloth  weave  for  the  body  of  the  fabric  ;  B,  a  twilled  weave  ;  c,  D,  E,  F  show  the  effect 
of  successive  cuts  of  the  pile  weft  (the  backing  weft  is  omitted  from  these  four  diagrams) 


every  pick.     Another  point  to  be  noted  in  the  structure  of  this  cloth 
is  the  binding  .of  the  weft  pile.     On  all  four  sides  of  the  pile  weft, 
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at  each  end  of  the  flush,  where  it  begins  and  where  it  ends,  there 
should  be  binding  threads;  the  warp  should  flush  on  each  side,  and 
the  ground  weft  should  flush  on  the  picks  before  and  after.  This 
gives  the  pile  weft  a  firm  root,  so  to  say,  binding  it  well  into  the 
ground.  Some  other  methods  of  binding  are  employed,  but  this  is 
both  the  safest  and  the  simplest  way.  It  has  the  effect  of  giving  the 
velveteen  an  appearance  which  betrays  the  difference  between  it  and 
velvet,  but  that  is  not  a  very  serious  disadvantage.  With  such  a 
fabric  the  cutter  has  clear  lines  for  his  delicate  knife,  and  he  severs 
the  flushed  threads  with  ease  and  confidence.  We  shall  see  him  at 
work  in  the  finishing  section  of  this  book.  At  present  it  is  only  neces- 
sary to  state  that  each  flushed  line  of  weft  is  cut  through  the  centre 
by  means  of  what  is  technically  named  the  plough. 

Tabby  Velveteen. — The  qualities  and  patterns  of  velveteens  vary 
to  a  considerable  extent.  We  start  with  the  plain  pattern  upon  which 
all  the  others  are  founded.  Common  velveteen  is  woven  about  24  in. 
broad.  A  good  cloth  can  be  made  with  a  32  s  cotton,  doubled  and 
twisted,  and  a  single  24  s  for  weft.  The  warp  is  sleyed  in  a  reed  28 
dents  to  the  inch,  24^  in.  wide,  and  two  ends  to  the  dent.  Four  heald 
shafts  will  work  this  cloth,  though  there  are  six  ends  in  the  pattern. 
On  shaft  i,  ends  i  and  3  are  drafted;  on  shaft  2,  end  5;  on  shaft  3,  end 
2;  on  shaft  4,  ends  4  and  6.  For  the  plain  ground,  we  raise  healds  i 
and  2,  and  healds  3  and  4  alternately,  the  former  carrying  all  the  odd 
and  the  latter  all  the  even  warp  ends.  Worked  singly,  the  heald 
shafts  make  pile,  the  thread  lifted  being  in  the  order  of  2,  3,  5,  6,  or 
two  shots  to  every  ground  pick,  with  a  flush  of  three  ends. 

For  a  longer  pile,  it  is  necessary  to  flush  the  weft  over  more  warp 
ends;  we  sometimes  have  them  as  high  as  seven.  If  woven  with  a 
very  fine  single  weft  of  high  quality,  say,  50  s  mule-spun,  and  a  warp 
of  60s  doubled  mule-spun  and  twisted,  a  very  good  dress  velveteen 
is  made. 

Corduroy. — One  of  the  cloths  which  are  always  coming  in  and  going 
out  of  fashion,  corduroy  has  always  a  rather  pleasing  and  rich  look, 
when  of  good  quality.  The  characteristic  feature  of  the  fabric  is  the 
lines  of  corded  pile  running  the  length  of  the  cloth.  This  is  very 
simply  produced,  viz.  by  always  binding  the  pile  weft  on  the  same 
warp  ends.  The  simplest  of  corduroys  is  a  single  Genoa-back  cord, 
flushing  the  pile  weft  over  five  warp  ends.  The  pattern,  therefore, 
may  be  said  to  occupy  six  ends  of  warp,  although  the  ground  is  only 
a  three-leaf  twill. 
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The  warp  is  healded  straight  through  on  the  six  shafts,  and  the 
treading  plan  gives  a  double  three-end  twill,  with  a  repeat  of  shafts 

3  and  4,  for  the  flushing  of  the  pile  weft  threads.  To  show  the  full 
pattern,  it  is  necessary  to  carry  it  out  to  16  picks.  When  this  has  been 
done,  we  find  that  10  picks  have  gone  to  the  flushing  of  the  pile,  and  6 
to  the  ground.  The  proportion  of  pile  is  not  so  high  as  on  the  plain- 
backed  cloth,  but  it  gives  quite  a  good  appearance. 

Double  Jean-back  Corduroy. — A  heavier  and  better  cloth  is  woven 
with  eight  warp  ends  drawn  on  six  heald  shafts,  the  draft  being  straight 
up  to  the  sixth  end,  ends  7  and  8  being  drawn  upon  heald  shafts  3  and 

4  respectively.  The  back  is  a  four-end  twill,  with  the  other  two  heald 
shafts  for  the  flushing  weft.  Out  of  the  eight  ends  only  these  two, 
numbered  5  and  6,  are  interwoven  with  the  flushing  weft,  leaving  six 
ends  of  flush.  The  ends  5  and  6  form  the  centre  of  the  ridge  made 
by  the  pile  weft  after  it  has  been  severed. 

Variety  of  Patterns  and  Figures. — From  the  examples  given,  the 
main  principles  of  this  kind  of  weave  can  be  very  well  understood. 
If  it  is  possible  to  flush  over  three,  four,  or  any  number  of  ends,  in 
different  cloths,  it  ought  to  be  equally  possible  to  vary  the  flush  in 
one  pattern.  This  being  so,  the  wealth  of  the  designer's  resources 
in  figuring  is  very  obvious.  Velveteens  for  upholstery  and  fancy 
draperies  are  figured  elaborately.  In  working  up  such  designs,  the 
weaver  has  always  to  remember  that  upon  the  binding  of  the  pile 
weft  into  the  warp  depends  the  strength  of  the  fabric.  Otherwise, 
figuring  with  weft  pile  is  both  simpler  and  more  effective  than  figuring 
with  pile  warp.  The  warp  tension,  which  is  such  a  trouble  to  the 
figured-velvet  weaver,  is  here  almost  a  negligible  quantity.  The  only 
thing  to  be  remembered,  and  overcome,  is  that  a  flushed  weft  takes  less 
warp  than  a  twilled  weft;  but  the  figuring  should  be  balanced  so  as  to 
redress  any  little  inequality  before  it  has  gone  too  far. 

Other  Ways  of  Figuring.  —  Manufacturers  have  other  ways  of 
figuring  than  by  weaving.  Though  these  matters  do  not  concern 
us  closely  at  present,  it  may  be  as  well  to  take  notice  of  them  now. 
Very  frequently  figures  are  stamped  on  velveteens,  by  damping  and 
hot  pressing.  These  figures  are  often  very  pretty  and  interesting;  but 
they  are  easily  destroyed  by  the  wetting  of  the  fabric.  If  soaked  with 
water,  the  stamped  figures  at  once  disappear,  and  the  velveteen  pile 
rises  to  form  a  plain  surface. 

More  lasting,  though  costlier,  are  the  figures  wrought  by  the 
fustian  cutters.      The  figures  are  sketched  upon  the  uncut  fabric,   as 
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it  has  come  off  the  loom,  and  the  cutter  follows  the  lines,  leaving  those 
parts  uncut  which  are  to  form  the  body  of  the  figures,  or  alternatively, 
the  outlines  of  the  pattern  which  is  to  be  formed  of  the  raised  pile. 

Many  Inventions. — Both  in  the  manufacture  of  velvets  and  in 
the  weaving  of  velveteen  fabrics  inventors  have  found  a  fine  field  of 
adventure.  Some  have  devised  machines  for  weaving  the  velvet  as 
a  double  cloth,  with  the  pile  coming  through  between.  When  shorn 
through,  the  two  pile  cloths  were  formed.  Another  inventor  conceived 
the  idea  of  forming  velvet  pile  by  means  of  a  detained  warp.  The 
former  method  is  still  practised  in  some  factories,  whilst  the  latter 
has  been  utilized  for  the  manufacture  of  terry  bath  towellings.  Such 
contrivances,  however,  hardly  come  within  the  scope  of  our  work 
in  design.  They  are  special,  and  call  for  designing  which  can  only 
be  undertaken  in  view  of  the  machines  themselves.  Anyone  who 
has  acquired  a  knowledge  of  the  main  principles  of  clothmaking, 
need  find  no  difficulty  in  dealing  with  any  of  the  departures  from 
accepted  methods  of  weaving. 


CHAPTER     IX 
Double  Cloths 

Double  Cloths. — The  capabilities  of  the  loom  have  never  been 
fully  tested.  If  weaving  were  a  new  art,  and  the  loom  a  novelty, 
We  might  be  shown  many  wonderful  things  in  woven  fabrics.  Because 
weaving  is  an  industry,  producing  for  a  given  market,  we  make 
those  cloths  and  other  fabrics  for  which  a  demand  exists  or  is  likely 
to  be  stimulated  into  being.  Early  in  the  nineteenth  century  an 
ingenious  Glasgow  weaver,  David  Anderson  by  name,  wove  several 
remarkable  things  upon  his  loom.  Among  them  he  made  a  shirt, 
with  a  fine  frill,  double-stitched  neck,  shoulder  straps,  and  wrist 
bands,  with  gussets,  buttons,  buttonholes,  and  the  Royal  Arms 
emblazoned  on  the  breast,  which  he  presented  to  King  George  IV. 
Whoever  attentively  studies  the  loom  will  perceive  that  the  famous 
shirt  was  not  a  mere  freak  of  genius,  but  is  only  one  of  the  many 
things  which  might  be  woven,  if  due  encouragement  were  given  to 
enterprise  in  that  direction.  But  the  weaver  is  required  to  produce, 
for  the  most  part,  only  cloths  which  may  be  fashioned  into  garments 
or  other  useful  commodities. 
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One  of  the  many  great  inventors  whose  names  are  unknown  was 
the  man  who  first  conceived  the  notion  of  weaving  double  cloth.  He 
revealed  the  enlarged  capacity  of  the  loom.  Before  his  time  it  was 
believed  that  one  warp  and  one  weft,  productive  of  one  cloth,  repre- 
sented the  total  capacity  of  the  loom ;  but  he  discovered,  by  accident 
or  design,  that  two  or  three  cloths  might  be  woven  at  once. 

It  is  quite  possible,  for  instance,  that  the  unknown  inventor  was 
weaving  diligently  a  black  and  white  stripe,  such  as  we  have  described, 
on  four  heald  shafts,  and  with  alternate  shuttles  of  black  and  white 
weft.  During  a  period  of  abstraction,  instead  of  alternating  regularly 
the  pairs  of  heald  shafts,  he  kept  the  white  warp  healds  sunk  and 
alternated  the  black  warp  healds,  while  throwing  black  weft  across, 
and  then  held  up  the  healds  carrying  the  black  warp,  alternating 
the  white  heald  shafts,  and  throwing  white  weft  across.  He  would 
thus  have  woven  two  cloths,  the  one  black  and  the  other  white. 
Though  woven  by  shuttles  on  the  same  shuttle  race,  and  in  the  same 
reed,  those  two  cloths  would  be  as  distinct  as  though  woven  on  dif- 
ferent looms.  For,  be  it  noted,  the  white  and  black  warps  never 
cross ;  the  black  is  always  above  the  white ;  the  white  is  always  beneath 
the  black. 

By  letting  his  web  resume  its  normal  operation,  the  weaver  bound 
the  two  cloths  together.  It  may  be  admitted  that  double  cloths  woven 
in  that  negligent  manner  could  not  have  been  very  satisfactory,  but  the 
discovery  was  worth  much  more  than  even  the  total  loss  of  many  webs. 

Faced  or  Backed  Cloths. — Though  we  think  it  most  likely  that  the 
double  cloth,  in  its  completeness,  was  first  discovered,  the  practical 
designer  will  find  it  easier  to  master  the  very  complex  and  important 
subject  by  looking  into  the  structure  of  what  are  named  faced  or  hacked 
double  cloths,  than  by  going  straight  at  the  full  double  cloths.  Very 
probably  the  prime  motive  in  double-faced  cloths  was  ornament;  the 
advance  beyond  the  figured  cloths,  with  extra  weft  and  extra  warps,  and 
the  plushes,  with  pile  warp  and  weft  pile,  is  only  one  of  degree.  Had 
we  not  another  name  for  them  derived  from  affinity  with  the  velvet 
plushes,  we  should  be  justified  in  calling  velveteens  faced  or  backed 
cloths.  As  with  the  plush  order  of  cloths,  the  faced  fabrics  may  be 
made  either  from  the  side  of  the  warp  or  from  that  of  the  weft. 

Weft-faced  Cloth. — Weaving  a  weft-faced  cloth,  we  employ  two 
wefts,  one  for  the  face  and  the  other  for  the  back.  Say  that  we  choose 
to  weave  two  worsted  wefts  upon  a  cotton  warp.  The  warp  must  not 
show  on  either  side.     When  enquiring  into  'the  weaves  which  would 
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3,  6,  in  succession,  no  two  warp  ends  being 
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most  effectually  conceal  either  warp  or  weft,  we  found  that  the  sateen 
weave  answered  the  purpose.  In  this  case,  therefore,  both  face  and 
back  weft  should  be  woven  in  satin  order  (fig.  439).  For  the  sake 
of  simplicity,  let  the  weave  be  an  eight-end  satin  of  the  face  weft. 
The  weft  should  flush  over  seven  ends,  and  pass  over  a  different  warp 
end  every  pick.  Following  the  rule,  we  find  that  pick  i  passes  under 
warp  end  i  and  over  the  other  seven.  The  rest  of  the  picks  flush 
warp  ends  4,  7,  2,  5 
flushed  in  the  same 
pattern,  and  all  be- 
ing at  least  two  ends 
•apart. 

Weaving  the  back 
weft,  we  adopt  the 
same  order;  but  if 
both  were  started  on 
the  same  end,  one  of 
the  objects  we  have 
in  view  would  not  be 
accomplished.  It  is 
desirable  to  conceal 
the  face  weft  when  it 
appears  on  the  back, 
and  the  back  weft 
when  it  comes  to  the 
face.  The  flushing 
of  the  face  weft 
should  always  cover 
the    coming    of    the 

back  weft  to  the  surface,  and  the  sinking  of  the  face  weft  to  the  back 
should  also  be  covered  over  by  the  back  weft.  This  may  be  done  by 
a  simple  device.  Start  the  back-weft  pattern  on  the  third  pick,  and 
it  runs  3,  6,  i,  4,  7,  2,  5,  8,  the  crossing  of  the  one  always  covering 
the  interlacing  of  the  other. 

Twilling.— If  a  twilled  face  is  desired  on  both  sides  of  the  cloth, 
the  same  method  is  adopted.  Say  that  we  have  an  eight-end  twill, 
flushing  six  and  showing  two  warp  ends.  In  order  that  the  face 
weft  should  not  show  on  the  back,  we  must  cover  it  over  when  it 
is  passed  under  the  warp  (fig.  440).  At  the  first  pick  of  the  face  weft 
we  flush  over  six  ends  and  show  two;   at  the  same  time,   the  back 
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Fig.  439. — Double-faced  Cloth 

a.  Weft  pattern  in  face  cloth.      b.  Weft  pattern  in  back  cloth. 
c,  Combined  back  and  face  pattern. 
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weft  started  on  the  third  pick  of  the  pattern,  flushes  over  four,  passes 
under  two,  and  flushes  two  ends;  or,  reversed,  flushes  weft  over  two 

ends,  under  two 
ends,  and  over  four 
ends.  Following  the 
twill  scheme  right 
through,  we  find 
that  the  back  weft 
never  shows  above 
the  face  weft,  nor 
obscures  the  twill. 

A  Fancy  Design. 
— The  principle  of 
pattern  weaving  with 
extra  wefts  having 
been  made  clear,  we 
can  now  avail  our- 
selves of  the  prac- 
tical    guidance    fur- 
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Fig.  440. — Twilled  Double-faced  Cloth 

a,  Pattern  of  face  cloth,      h.  Pattern  of  back  cloth,      c.  Combined  back 
and  face  pattern. 


nished  by  an  actual 
example.      The    de- 
sign  is  entitled   the 
Pinegrove{sQ.&  Plate), 
and  it  is  woven  of  spun-silk  warp,  with  ground  of  mercerized  cotton, 
and  figuring  of  fine  worsteds  weft.     The  practical  plan   is  given  as 
follows: — 

Loom. — Eight-shaft  mounting;  2  combers  in  54  in.;  reed  2400/2,     Binder 
on  four  lams,  entered  every  alternate  dent  of  reed — 1200  threads  of 
binder  in  all. 
Warp. — 80/2   spun-silk  double;    coloured  a  mixture  of  various    greens; 
weight  of  warp,  2  oz.      Binder  60/2   purple  spun  silk;  weight,  -3-  oz. 
per  yard. 
Wefi. — Four  shuttles ;  24  picks  per  inch.     Grounds,  2  ends  of  blue  and 
2  of  red  mercerized  cotton,  mixed;   woven  plain  tabby;  weight  per 
yard,   5   oz.      Figuring  of  leafage,    2  ends   2/30  worsted   green   and 
blue;  birds,  2  ends  orange  and  pink;  animals,  2  ends  yellow  and  buff. 
Weight,  13^  oz. 
Mechanisms. — A   400-Jacquard    for  figured   pattern,    with   small   machine 
attached    for   working    the   eight   ground   shafts;  four  binder    lams; 
figure  weft  bound  by  one  lam  of  binder,  working  four-end  satin. 

Plain  or  Twilled   Backed  Cloths.— Weight  and  thickness  of  cloth 
may  be  obtained  in  two  ways:    The  weft   and  warp  may  be  of  low 
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counts,  thick,  and  coarse,  and  woven  very  firmly,  or  the  cloth  may  be 
backed  or  doubled.  The  former  method  is  impracticable  for  all  save 
the  fabrics  designed  for  the  roughest  of  uses;  if  a  cloth  with  a  fine 
face  is  to  be  made,  the  latter  is  the  only  way. 

To  make  a  backed  cloth,  we  may  use  either  two  warps  or  two 
wefts,  with  either  single  weft  or  single  warp.  When  the  two  wefts 
which  are  woven  upon  one  warp  are  equal  in  weight  and  similar  in 
kind,  no  difficulty  occurs.  As  we  have  already  explained,  after  the 
weaves  which  combine  nicely  have  been  found  the  work  may  go  on 
smoothly.  But  the  duty  of  the  designer  of  backed  cloths  is  to  give 
weight  and  solidity  to  a  fabric  at 
the  cheapest  possible  rate.  He  has 
therefore  to  put  a  coarser  weft  or 
warp  into  the  backing  than  is  re- 
quired for  the  face. 

It  is  at  this  point  the  great  im- 
portance of  knowing  exactly  the 
diameters  of  yarns  and  the  ratios 
they  bear  to  each  other  comes  fully 
into  view.  Before  he  can  be  fully 
assured  of  the  practicability  of  a 
given  backed  cloth,  the  designer 
must  understand  both  the  effect  of 
the  weave  he  adopts  upon  the  weft 
and  warp  and  the  relative  diameters 
of  the  yarns  employed.     Traditional 

practice  has  given  us  a  great  many  combinations,  but  in  principle 
every  weave  involves  the  calculation  of  all  those  factors. 

A  Five-end  Twill.— Suppose,  for  example,  we  elect  to  back  a  five- 
end  twill  with  a  weft  twice  the  weight  of  the  face  weft,  what  weave 
would  be  the  backing?  For  every  two  picks  of  face  weft  there  would 
be  one  of  backing.  As  two  is  a  satin  base  of  a  five-end  twill,  the 
weave  for  the  backing  ought  to  be  a  satin  (fig.  441).  Though,  as 
we  have  shown,  the  backing  would  be  looser  in  texture  than  the 
face,  the  other  requirements  of  the  case  would  be  met,  and  a  cloth  of 
good  average  soundness  be  produced. 

If  two  warps  to  one  weft  were  woven,  the  same  principle  would 
operate  and  bring  out  the  same  results. 

Eight-end  Double-faced  Twill.— On  the  other  hand,  if  an  eight- 
end  twill,    ^2»   is   used,   a  difficultv  occurs.      Pick  for  pick  on  back 
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Fig.  441.— Five-thread 
Twilled  Double-faced  Cloth 


a.  Face  cloth, 
cloth. 
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and  face  causes  no 
trouble.  In  the  pattern 
there  are  two  lines  of 
twill,  four  threads  from 
centre  to  centre;  one 
pick  added  between  each 
two  picks  of  back  makes 
five,  which  is  a  base 
of  satin.  But  if  we 
require  to  have  two 
picks  of  face  to  one  of 
back,  the  whole  posi- 
tion is  altered.  Two 
added  to  four  makes 
six,  which  is  not  a 
satin  base,  and  cannot 
be  divided  up  to  a 
satin.     Our  only  resort, 

in  this  case,  is  a  common  twill  binding  (fig.  442). 

An  Example  on  Ten  Ends.— This  is  illustrated  even  more  clearly 

on   a   ten -end   twill   of   the   same   kind 

(figs.   443-444).      Here  we   find   exactly 

the  opposite  effect  from  the  same  cause. 

If   we    have   equal    face   and    back,    the 

binding   pick  must  be  increased  to  six 

or  reduced  to  four,  neither  of  which  is 

a  satin  base.     On  the  other  hand,   two 

picks  of  weft  on  face  to  one  on  the  back. 


Fig.  442.— Eight-thread  Twilled  Double  Cloth 
a,  Face.       b,  Back. 
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Fig.  443.— Ten-end  Twilled  Double  Cloth. 
Face 
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Fig.  445. — Double  Cloth  backed  by  Warp 
a.  Face.      b.  Back. 


the  binding  pick  is  either  seven  in  the  one  direction  or  three  in  the 
other. 

Backing  of   Faced 
Cloths   with  Warp.  — 

The  rules  given  above 
apply  equally  to  warp 
backing.  An  example 
or  two  will  show  the 
truth  of  the  principles 
stated.  In  drawing 
such  a  pattern,  the  de- 
signer would  make  the 
warp  ends  black,  the 
binding  picks  shaded, 
and  the  weft  ends  white, 
because  it  is  upon  the 
warp  ends  attention 
must  be  directed.  Put 
down    the    design    for 

the  two  warps,  one  face  and  the  other  backing  (fig.  445)  on  eight  ends. 
Here  we  find,  in  the  face  («),  the  warp  shows  on  the  surface  four 
threads  to  one  of  the  binding,  while  on  the  r-ir-i'— ir-i^^i—ir— ii—" 
back  {o)  the  proportion  is  seven  to  one.   " 

Another  instance  is  the  four-end  twill  (fig. 
446).  In  this  case  we  must  treat  the  twill  as 
one  of  eight  ends,  and  bind  with  an  eight-end 
satin. 

True  Double  Cloths.  —  Many  interesting 
examples  might  be  given  of  the  double-faced 
cloths  and  the  backed  cloths;  but  the  facts  are 
all  reducible  to  the  principles  given,  and  it  is 
hardly  necessary  to  lengthen  consideration  of 
those  matters.  The  difficulties  which  may  be 
met  with  in  practice  are  nothing  more  than 
practical,  involving  no  new  theory,  no  matter 
how  different  they  may  appear. 

While  the  same  might   be   broadly  said   of 
true  double  cloths,  the  particulars  are  such  that 
some  detailed  consideration  of  the  problems  is  called  for.     There  are 
four  main  classes  of  double  cloths,  and  several  subsidiary  divisions. 
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Fig.  446. — Four-thread  Twilled 
Double  Cloth  backed  with  Warp 
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The  chief  classes  are:  i,  Two  cloths  identical  in  pattern  and  of  equal 
quality;  2,  cloths  different  in  pattern  and  equal  in  quality;  3,  cloths 
different  in  quality  and  identical  in  pattern ;  4,  cloths  differing  both 
in  pattern  and  quality. 

Double  Cloths  Equal  in  Quality  and  Identical  in  Pattern. — Fig. 
447  shows  the  combination  of  a  weave  for  a  double  cloth  composed 
of  two  cloths  equal  in  quality  and  identical  in  pattern.  The  resultant 
fabric  appears  exactly  like  a  single  cloth,  but  much  heavier.  Plan  a  is 
the  2/2  twill  repeated  twice  each  way  on  eight  ends  and  eight  picks,  with 
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tt,  Face  weave,  2/2  twill,  on  8  X  8  threads.  6,  Back  weave,  2/2 
twill,  on  8  X  8  threads,  c.  Plan  of  back  warp  and  face  weft  on  8  X  8 
threads.  d,  Plan  of  face  warp  and  back  weft  on  8  X  8  threads,  e. 
Combination  of  plans  a,  b,  c,  d  to  form  complete  double  cloth. 


warp  and  weft  threads  numbered  accord- 
ing to  the  position  they  occupy  in  the 
double-cloth  weave.  Plan  b  is  the  same 
weave  for  the  backing  cloth  worked  out 
in  different  marks,  and  numbered  so  that 
the  positions  of  the  threads  can  be  easily 
traced.  We  require  also  a  plan  showing 
the  interlacing  of  face  warp  and  backing  weft  (plan  c),  and  the  combi- 
nation of  backing  warp  with  face  weft  (plan  d).  With  these  four  plans 
we  are  completely  equipped  for  building  up  the  plan  of  the  double 
cloth.  Plans  a  and  d  give  us  the  working  of  the  face  weft  with  the 
face  warp  and  the  backing  warp,  and  therefore  show  the  interlacing 
of  the  face  weft  with  all  the  warp  threads.  Similarly,  plans  b  and  c 
give  us  the  workings  of  back  weft  with  face  and  back  warp.  Thus 
the  four  plans  together  show  the  complete  working  of  all  the  threads 
of  warp  and  weft  in  the  pattern. 

Let  us  now  examine  plans  c  and  d.  Plan  c  is  the  8-shaft  satin  weft 
face,  and  plan  d  is  the  8-shaft  satin  warp  face.  Plan  c  is  the  interlacing 
of  face  weft  (picks  i,  3,  5,  &c.)  with  backing  warp  (ends  2,  4,  6,  &c.), 
indicating  that  the  weft  of  the  face  cloth  interweaves  with  the  warp 
of  the  back  cloth  in  8-shaft  satin  order.     The  interweaving  serves  to 
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Stitch  the  two  cloths  together.  Similarly,  d  is  the  plan  of  interlacing 
of  back  weft  (picks  2,  4,  6,  &c.)  with  face  warp  (ends  i,  3,  5,  &c.), 
and  shows  that  the  back-cloth  weft  interweaves  with  the  face-cloth 
warp  in  8-shaft  satin  order.  As  this  interweaving  also  serves  to  stitch 
the  cloths  together,  they  are  bound  doubly. 

Plan  e  is  the  combination  of  plans  a,  d, 
c,  and  d  in  the  manner  indicated  by  the 
numbers,  and  the  different  marks  used  for 
each  enable  the  student  to  trace  the  com- 
ponents of  the  whole.  Because  plans  c  and 
d  are  complete  on  eight  ends  and  picks, 
plans  a  and  b  are  repeated  on  eight  ends 
and  picks,  though,  of  course,  they  might 
otherwise  be  completed  on  four  ends  and 
picks.  Plans  a,  b,  c,  d,  may  be  regarded 
as  the  analysis  of  plan  e  into  its  parts. 

The  student's  attention  must  now  be 
drawn  to  a  point  which  he  may  have  over- 
looked or  only  partially  understood,  but 
which  he  would  immediately  encounter  in 
his  attempt  to  build  up  for  himself  a  double- 
cloth  plan.  We  must  fix  the  positions  of  faceenSf\ 
plans  a,  b,  c,  d,  in  relation  to  each  other. 
There  are  only  two  correct  positions  for 
plans  c  and  d  in  relation  to  a  and  b,  and 
only  one  for  each  repeat  of  a  and  b,  so  that 
it  is  highly  important  to  know  how  to  place 
the  plans  in  their  correct  relative  positions.  'S'^'^^nd 
The  underlying  principle  is  simple,  viz. 
that  it  is  necessary  to  interlace  the  threads 
of  the  two  cloths  at  points  where  the  stitching  threads  are  floating  on 
the  interior  surfaces  of  their  respective  cloths,  as  illustrated  in  fig.  447  a. 
The  position  shown  in  the  diagram,  where  the  back  warp  is  floating 
over  its  own  cloth,  and  the  face-weft  pick  is  floating  under  the  face 
cloth,  is  obviously  the  most  favourable  for  a  binding  stitch. 

Translated  into  the  language  of  the  weave  plan,  i.e.  dots  and 
blanks,  this  means  that  the  back  stitching  end  must  be  lifted  over  the 
backing  pick  before  and  after  the  face  stitching  pick,  as  in  fig.  447  b. 

Also,  the  face  stitching  pick  must  float  under  the  face  ends  before 
and  after  the  back  stitching  end,  as  in  fig.  447  c. 


'back  pick 
face  stitching  pick 
'Jback  pick 


■  face  end 
back  'stitching  end 

Fig.  447  D 


DZ 


DDQ 


^stitch  or  binding  point 

"^^^^  back  pick 

face  stitching  pick , 

back  pick 


-■face  end 
back  stitching  end 

Fig.  447  E 
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Putting  the  two  positions  together,  we  find  that  the  stitching  point 
is  surrounded  by  blanks  (Hfters),  as  in  fig.  447  d.  But  the  stitching 
point  is  itself  a  blank  (lifter),  because  the  back  stitching  end  lifts  over 
the  face  stitching  pick,  and  therefore  the  only  correct  position  for  such 
a  stitch  may  be  shown  as  in  fig.  447  e. 

The  foregoing  may  be  compressed  into  a  twofold  rule:  i.  That 
as  the  backing  warp  stitch  is  a  lifter,  it  should  be  placed  between 
four  lifters,  one  on  the  right,  one  on  the  left,  one  above  and  one  be- 
low; 2.  That  as  the  backing  weft  stitch  is  a  sinker,  it  should  be  placed 
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a,  Face  weave,  3/3  twill,  on  12  X  12  threads,  i.  Back  weave, 
plain,  on  6  X  6  threads.  c,  Plan  of  back  ends  with  face  weft  on 
6  X  12  threads,  d,  Plan  of  back  picks  with  face  ends  on  12X6 
threads.  e,  Combination  of  above  plans  a,  b,  c,  d  to  form  com- 
plete double  cloth. 

between  four  sinkers,  one  on  the  right, 
one  on  the  left,  one  above  and  one  below. 
The  plans  «,  ^,  c,  d,  are  arranged 
according  to  rule,  so  that  every  blank 
(lifter)  in  plan  c  falls  between  four 
blanks  (lifters)  in  plan  e,  and  the  dots 
(sinkers)  in  plan  d  fall  between  four 
dots  (sinkers)  in  plan  e. 
These  rules  are  applicable  to  all  double  cloths,  whether  equal  in 
quality  or  not;  but  it  is  to  be  noted  that  ideal  positions  are  not  always 
attainable.  The  designer  must  sometimes  be  satisfied  with  one  instead 
of  two  like  points  on  opposite  sides  of  a  stitch,  particularly  in  double 
cloths  of  unequal  quality;  but  he  must  never  allow  two  unlike  points 
on  opposite  sides,  because  then  the  stitch  would  injure  the  design  on 
the  face  or  back  of  the  cloth. 

Double  Cloths  Unequal  in  Quality  of  Face  and  Back. — Fig.  448 
gives  the  construction  of  a  double  cloth  unequal  in  quality  of  face  and 
back.     The  face  is  a  3/3  twill  shown  in  plan  «,  run  out  to  twelve  ends 
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and  picks,  which  are  numbered  to  indicate  their  positions  in  the  double 
cloth.  Plan  h  is  the  back,  which  is  a  plain  weave  run  out  to  six  ends 
and  picks,  and  numbered  as  above.  We  see  from  the  numbers  that 
the  threads  of  the  two  cloths  are  arranged  in  the  proportion  of  2  of 
face  to  I  of  back,  and  for  that  reason  it  is  necessary  to  run  out  plan  a 
to  12  threads  and  plan  6  to  6  threads. 

Plan  c  is  the  interlacing  of  backing  ends  (2,  5,  8,   11,   14,   17)  with 
face  weft  (i,  3,   4,  6,  &c.),  and   forms 
the  stitching  of  the  two  cloths.     Plan  


fcu:£,end- 


^ 


stitch 

V 

face  pick 

face  stitching  pick 

back  pick 


fac&  end 


back  ditching  end 

Fig.  448  A 


d  shows  the  working  of  the  face  ends 
(i,  3,  4,  6,  &c.)  with  the  backing  picks 
(2,  5,  8,  II,  14,  17),  and  it  is  all  blanks 
(lifters),  indicating  that  there  is  no  in- 
terlacing of  these  two  sets  of  threads, 
and  that  the  face  warp  is  all  lifted  when  each  back  pick  is  thrown  in. 
Plans  a,  b,  c,  d^  are  combined  to  produce  plan  e. 

The  position  of  the  blanks  (lifters)  or  stitching  points  in  plan  c  in  re- 
lation to  plans  a  and  b  is  such  as  to  give  the  results  shown  in  fig.  448  A. 
The  stitch  is  a  blank  (lifter)  and  has  two  lifters  on  opposite  sides 
weft  way,  but  only  one  lifter  and  one  sinker  on  opposite  sides  warp 
way.  The  latter  is  unavoidable,  though  not  ideal,  and  the  backing 
warp  should  be  woven  at  very  slight  tension,  or  else  the  difference  in  the 
floats  (4  and  6)  of 
each  end  in  plan  c 
will  show  itself  on 
the  face  cloth  in 
a  "double  twill" 
defect,  caused  by 
alternate  twills 
appearing  fuller 
and  rounder  than 
the  rest. 

Another  Example  of  Double  Cloths. — Fig.  449  is  another  example 
of  double-cloth  construction.  Plan  a  is  the  face  weave,  and  plan  b 
the  back  weave;  plan  c  shows  the  interlacing  of  back  warp  with  face 
weft,  and  plan  d  the  converse.  Fig.  450  is  the  full  design  in  which 
the  stitching  points  (lifters  of  plan  c)  fall  according  to  rule  between 
four  like  points.  In  figs.  451  and  452  we  give  the  draft  and  pegging 
plan  for  fig.  450.  Face  and  back  warp  are  separated  in  the  draft,  the 
face  warp  being  drawn  on  the  first  eight  shafts  {a  to  /z),  and  the  backing 
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a.  Face  weave,  3/5  twill,  on  8  X  8.  5,  Back  weave,  plain,  on  4  X  4.  c,  Plan  of  back 
ends  (2,  5,  8,  11)  and  face  picks  (i,  3,  4,  6,  7,  9,  10,  12).  d,  Plan  of  face  ends  (i,  3,  4, 
6,  7,  9,  10,  12)  and  back  picks  (2,  5,  8,  11). 
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warp  on  the  last  four  shafts  {k  to  n).  Likewise  in  the  pegging  plan 
the  eight  vertical  rows  {a  to  h)  show  the  working  of  the  face  shafts, 
and  the  four  remaining  rows  {k  to  n)  the  working  of  the  backing  shafts. 
Therefore  rows  a  to  h  are  formed  by  a  combination  of  plans  a  and  d, 
in  the  proportion  of  two  picks  of  a  to  one  of  d,  and  rows  k  io  n  hy  a. 
combination  of  plans  b  and  c  in  the  same  proportions. 

Cloth  Setting.— Dealing  with  cloth  construction  in  a  former  chapter, 
yarn  diameters  and  intersections  of  warp  and  weft  were  taken  as  the 
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in  fig.  450 


Fig.  452. — Peg  Plan  for 
fig-  450 


main  factors  determining  the  set  of  a  cloth.  For  plain  cloths  and 
simple  twills,  settings  based  upon  the  formulae  stated  could  never  be 
far  wrong,  but  complex  patterns  demand  a  method  of  calculation  which 
o-ives  due  value  to  every  separate  factor.  In  the  Huddersfield  Textile 
Society's  Journal  for  1907-8,  Professor  Armitage  carefully  collects  all 
the  factors,  and  gives  setting  formulae  and  examples  which  solve  the 
main  problems  which  weavers  and  designers  encounter  in  this  depart- 
ment of  their  work.  From  this  valuable  contribution  to  textile  science 
we  quote  the  concluding  points. 

SUMMARY   OF  SETTING   FORMULA 

The  factors  and  symbols  which  apply  to  all  the  following  formulde 


are- 


T  =  number  of  threads  per  inch  of  warp. 
t  =  ,,  ,,  ,,       weft    or    sett    of   cloth    where    the 

number  of  ends  and  picks  per  inch  are  the  same. 
h  =  the  yarn  number  or  count. 

c  =  the  number  of  yards  in  one  pound  (av.)  of  the  yarn. 
X  =  the  weight  per  yard  co-efficient. 
y  =  the  cloth  structure  co-efficient. 

s  —  the  weight  per  yard  (broad  width)  of  warp  only  or  weft  only. 
d  =  the  diameter  of  a  yarn  in  the  fraction  of  an  inch. 
e  =  the  number  of  threads  in  a  repeat  of  the  pattern, 
.s  =  the  setting  ratio  of  any  weave, 
z  =  the  number  of  intersections  in  e  threads. 
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When  t  and  /j,  z  and  0^  &c.,  are  used  in  the  same  formula,  t  and  s, 
&c.,  apply  to  one  cloth  (given),  and  Z^,  s^^,  &c.,  apply  to  another  cloth 
(required),  except  in  formulse  VI  and  VII,  where  d  refers  to  the 
diameter  of  the  warp,  and  d^  to  that  of  the  weft. 

I.  To  change  sett  or  counts  with  the  same  weave — 

m^  =  t^^h. 

II.  Relation    of    weight    per    yard,    sett,    counts,    and    shrinkage, 

co-efficient — ■ 

xt 

III.  To  change  sett  and  counts  for  a  different  weight  with  the  same 
weave — {a)  zt  =  z^t^  {b)  z.-p  =  z^  "^b^. 

IV.  To  find  the  diameters  of  yarns — 

{a)         d  =   J-  for  sino^le  cotton,  worsted  and  silk. 

•9VC 

{b)  =    — — ;-  for  single  woollen. 

.04^0 

(c)  =  — — y  for  two-fold  worsted,  medium  twist. 

.84^0 

(d)  =  for  two-fold  woollen,  medium  twist. 

V.  To  find  maximum  settings  with  warp  and  weft  equal  in  dia- 
meter (Ashenhurst  &  Bradbury) — 

i  =  ^ 

d{e  -\r  .7322) 

VI.  To  find  maximum  settings  for  small  twills  on  the  intersection 
theory — 


{a)     T       (ends  per  inch)   =  — 


iW  {(^  +  ^lY  -  ^1'}  +  d{e-  i)' 
(b)      t      (picksperinch)=    .^^^^^^^^,_-^,^^^^^^_^^. 

VII.  To  find  sett,  having  given  weave  ratio  (j),  counts  of  yarn  {b) 
and  style  of  cloth  or  setting  constant  ( y) — t  =  s  sjyb. 

VIII.  To  find  sett  and  counts  for  any  given  weight  per  yard  and 
weave — 

{a)         t  =  tM.  {b)         b  =  ^. 


IX.  To  change  sett  and  counts  for  a  different  weight  and  weave,  the 
cloth  structure  being  the  same — 

{a)         %  =   ^1.  {b)         ^   =   Vi. 


2  '  '  ^  i. 
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X.  To  change  sett  for  a  different  weave,  yarns  and  cloth  structure 
being  the  same — 


The  setting  ratios  (s)  are  given  below  for  a  few  common  weaves  in 
single,  backed,  and  double  cloths. 

Setting  Ratios  for  various  Common  Weaves 


Face 

Face 

Back 

Back 

Warp. 

Weff. 

Warp. 

Weft. 

All  regular  twill  leaves 

-   /+4 

/+4 

Plain  weave     ... 

■•     4-75 

4-75 

2/2  Hopsack  or  mat 

..     6.25 

6.25 

3/3  Hopsack  or  mat 

•     7-5 

7.5 

4/4  Hopsack  or  mat 

..     8.5 

8.5 

V2/3  ~  ^  Mayo  or  Campbell 

..     6.5 

6.5 

^i^j3  Twilled  Hopsack 

..     6.5 

6.5 

2^ ^4  and  ^i^Jo  +  4  Pin  spot,  10  heald 

••     7-25 

7-25 

^3/1  +  2  —  1  +  2  Broken  3/3  twill 

..     7.0 

7.0 

^J2  Doeskin  or  Venetian 

••     7-5 

7-5 

Vs  Buckskin 

••     8.5 

8.5 

''1^1/2  Whipcord 

..     9.25 

9-25 

4  heald  satinet 

..     6.5 

6.5 

6  heald  broken  satin 

••     7-75 

7.75 

^7/3  8  heald  satin 

9 

9 

VS  9  heald  corkscrew 

9 

9 

V2/  ~  3  13  heald  corkscrew 

..      8.25 

8.25 

^2/2  2/2  rep 

..      9.0 

6.0 

VS  3/3  cord _      

..      6.6 

7-5 

^j/i    cut   and    reversed  in  4  each   way,   8  heal 

y    6.0 

6.0 

damask  or  cut  check 

8  heald  granite 

••     6.5 

6.5 

^■Ji  cut  and  feathered  3/3  warp  way 

..     6.7 

6.7 

2/2  twill  face,  backed  with  warp  i/i,  and  stitche 

I  in 

4/    ^-^ 

5-3 

5-3 

,,         ,,       8  shaft  satin  stitch 

••      5-6 

5-6 

5-6 

2/1  twill  face,  backed  with  warp,  i/i,  stitched  i 

/6     5.3 

5-3 

5-3 

1/3      .••• 

••      4.7 

4-7 

4-7 

3/3  twill  face,  backed  with  warp,  i/i,  stitched  i 

/6     6.0 

6.0 

6.0 

Double  plain,  8  healds 

•      3-5 

3-5 

3-5 

3-5 

,,          12  healds 

••      3-8 

3-8 

3-8 

3-8 

Double  2/1  twill  stitched  i  in  3,  warp  way  only 

■•      4-4 

4.4 

4.4 

4.4 

,,       2/2              ,,             I  in  4,  both  ways 

••      4-5 

4-5 

4-5 

4-5 

>>         M               M             I  in  8,          ,, 

..      4-8 

4.8 

4.8 

4.8 

„       3/3              yy             I  in  6, 

..      5.2 

5-2 

5-2 

5-2 

,,         ,,               ,,             I  in  6,  warp  only  way 

■•      5-5 

5-5 

5-5 

5-5 

,,       4/4              ,,             I  in  8,  each  way 

..     6.0 

6.0 

6.0 

6.0 

M        M              ,,            I  in  4,         ,, 

••      5-0 

5-0 

5-0 

5-0 
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CHAPTER   I 
Varieties  of  Carpets 


The  Carpet  Industry. — Nearly  every  industry  which  has  been  de- 
veloped from  simple  handicraft  to  automatic  mechanical  manufacture 
has  discarded,  or  reduced  to  small  importance,  the  tools,  methods, 
and  products  of  its  early  existence.  In  our  own  spinning  departments, 
for  example,  the  spinning  frame  has  wholly  superseded  the  spinning 
wheel.  By  adopting  machinery,  spinners  have  enormously  reduced 
the  labour  cost  of  yarns  and  increased  the  productive  capacity  of  each 
worker  a  thousandfold.  Not  only  have  our  machines  lessened  the 
cost  of  spinning,  but  the  average  quality  of  the  yarns  has  been  greatly 
improved.  Except  in  rare  instances,  machine-made  yarns  are  superior 
to  those  spun  by  hand,  and  are  always  preferred. 

With  carpets  the  case  is  quite  different.  One  of  the  oldest  branches 
of  the  textile  trade,  its  peculiar  characteristic  is  that  the  primitive  handi- 
craft methods  and  products  have  never  become  obsolete,  and  continue 
to  compete  with  the  highest  productions  of  machine  manufacture. 
Persian,  Indian,  and  other  Oriental  carpets  compete  in  the  world's 
markets  with  Brussels,  Wilton,  Patent  Axminster,  Crompton  Ax- 
minster,  and  French  Moquettes,  and  carpets  felted  by  the  feet  of 
Eastern  nomads  compare  with  the  machine-made  felts  of  Whitewell 
Vale.  So  firm  is  the  hold  of  the  hand-made  carpet  upon  buyers, 
that  the  primitive  methods  of  the  East  have  been  adopted  in  modified 
forms  by  Western  carpet  manufacturers. 

Part  of  this  phenomenon  may  be  due  to  the  glamorous  effect  which 
things  brought  from  foreign  and  distant  places  have  for  the  average 
mind;  but  it  is  also  due  to  the  essentially  primitive  structure  of  the 
carpet  itself,   and   because  the  figured  effect  of  pattern   is  dependent 
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chiefly  upon  colour  rather  than  weave,  as  is  the  case-  in  almost  all  other 
woven  fabrics  of  a  decorative  character.  The  possibilities  of  colouring 
by  hand  are  unfettered  and  unlimited,  involving  no  relative  increase  in 
cost  of  production,  whereas  every  increase  in  size  or  variety  of  pattern 
produced  by  machinery  necessitates  a  corresponding  increase  in  capital, 
plant,  and  current  expenditure.  Consisting  primarily  of  wool  yarns 
looped  and  knotted  into  a  fabric,  and  being  large  in  build,  the  carpet 
does  not  afford  the  machinist  much  opportunity  of  speedy  operation; 
add  to  this  the  comparative  cheapness  of  Eastern  hand  labour,  and  the 
difference  of  cost  effected  by  machinery  is  not  so  great  as  to  restrain  a 
whim  of  fashion  in  favour  of  the  Oriental  commodity. 

The  carpet  industry  is  thus  curiously  situated;  the  manufacturer 
has  to  meet  a  competition  which,  by  its  very  nature,  is  incalculable. 
He  must  at  least  take  into  his  account  the  carpets  made  in  any  region 
of  the  world.  Remote  as  it  once  seemed,  the  Oriental  method  of 
manufacture  is  now  pursued  among  ourselves,  and  study  of  the  best 
products  of  the  East  is  regarded  as  a  common  necessity  for  the  carpet 
designer. 

Kinds  and  Classes  of  Carpets. — There  are  four  distinct  kinds  of 
carpets:  i.  Felted  carpets \  2,  knotted-pile  carpets-^  3,  plush-woven \ 
4,  double-cloth  carpets. 

1.  Felted  carpets. — For  many  years  the  felted  carpet  was  a  very 
popular  floor  covering,  competing  chiefly  with  the  Scotch  carpet.  At 
present  it  does  not  hold  a  large  place  on  the  market,  being  opposed  on 
the  one  hand  by  the  more  durable  linoleums,  and  on  the  other  hand 
by  the  more  pretentious  tapestry  carpets.  It  is,  however,  extensively 
used  as  a  "  surround  ".  In  our  section  describing  felt  manufacture  we 
have  already  fully  examined  the  manufacture  of  felted  carpets,  the  sole 
difference  between  cloth  and  carpet  felts  being  thickness  and  kind  of 
wool.  For  temporary  decorative  purposes  and  wide  enclosed  spaces 
felted  carpets  are  still  considered  best  by  competent  judges,  being  softer 
and  more  artistic  than  linoleums,  and  practically  quite  as  durable  for 
underfoot  wear. 

2.  Knotted-pile  Carpets. — This  is  the  most  important  class  of  carpets, 
including  Oriental,  Axminster,  Moquette,  Crompton,  Patent  Axminster. 
The  distinguishing  feature  of  this  class  of  carpet  is  the  pile,  which  con- 
sists of  short  threads  of  worsted,  secured  by  hand  knotting  or  machine 
weaving  into  the  body  of  the  fabric. 

3.  Plush-woven  Carpets. — When  the  Eastern  carpet  was  brought 
under  the  notice  of  European  weavers,  they  conceived  another  form 
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of  fabric  more  in  accordance  with  their  common  employment,  and 
capable  of  being  woven  on  the  loom.  Instead  of  the  pile  substance 
of  the  carpet  being  cut  up  into  small  sections,  it  was  all  laid  in  the 
loom  in  the  form  of  warp  called  "pile  warp",  and  the  surface  pile 
made  by  inserting  wires  underneath  the  lifted  pile  threads  selected  to 
form  the  pattern.  The  wire  may  be  so  constructed  that  when  it  is  ex- 
tracted it  will  either  leave  the  pile  in  the  form  of  loops  or  cut  to  give  a 
smart,  dense,  and  well-defined  appearance.  Brussels,  Wilton,  Tapestry, 
and  Velvet-pile  Tapestry  belong  to  this  class. 

4.  Double-cloth  Carpets. — A  double  cloth  means  that  two  fabrics  are 
woven  together  one  above  the  other.  When  each  cloth  is  composed  of 
different  colours  any  desired  pattern  can  be  produced  by  simply  causing 
the  two  cloths  to  change  places  at  will  during  the  process  of  weaving. 
Ingrain,  Scotch  Kidderminster,  and  art  squares  are  produced  on  this 
fundamental  principle.  The  double-cloth  carpet  has  never  attained  a 
high  place  in  the  esteem  of  carpet  buyers.  The  chief  kind  of  the  cloth 
carpets  is  woven  of  worsted  wefts  on  woollen  warps,  double  and  triple 
warp  and  weft.  Another  carpet  of  this  class  is  that  known  as  the 
Romaji,  much  fancied  in  the  United  States  of  America,  and  now  being 
woven  largely  on  this  side  of  the  Atlantic. 

General  Principles  of  Carpet  Design. — Before  an  architect  begins 
his  design  for  any  building,  he  considers  the  purpose  for  which  it 
is  being  erected,  the  position,  surroundings,  materials,  and  cost  of 
the  structure.  The  carpet  designer,  whose  fabrics  are  to  cover  the 
floors  of  the  building,  has  similar  factors  to  take  into  account;  he 
should  bear  in  mind  the  purpose  of  carpeting,  the  materials  he  has 
to  use,  the  structure  of  the  fabric,  and  the  cost  of  manufacture.  To 
a  certain  extent,  it  may  be  admitted,  many  patterns  may  suit  some 
carpets  which  are  unsuitable  for  others;  but  that  consideration  is  of  a 
practical  nature,  and  relates  chiefly  to  the  limits  particular  processes 
of  manufacture  impose.  But  there  are  some  general  rules  which  apply 
to  all  carpets  equally,  and  these  it  is  proper  to  state  here. 

1.  Rugs  and  carpets  are  floor  coverings.  A  floor  is  a  flat  surface, 
an  architectural  device,  not,  like  the  open  sward,  a  plane  of  nature; 
enclosed  by  walls,  and  partially  occupied  by  furniture.  A  carpet,  to 
suit  its  position,  should  present  a  soft,  subdued,  level  appearance, 
acting  as  a  background  to  the  furniture,  and  at  the  same  time  a 
harmonizing  medium  to  all  other  articles  in  the  room. 

2.  Because  partially  obscured  by  the  things  standing  upon  it,  the 
pattern  of  the  carpet  should  be  composed  either  of  small  figures,  irregu- 
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larly  disposed,  or  of  mathematical  lines  and  figures,  small  geometrical 
designs,  repeated  regularly,  so  that  the  broken  appearance  may  not 
disturb  the  eye. 

3.  Human  figures,  faces,  living  animals,  or  large  landscapes 
are  wholly  unsuited  for  carpets,  because  they  are  trodden  under  foot, 
and  broken  into  by  anything  which  may  chance  to  be  placed  above 
them.  Furniture  is  more  important  than  carpets,  but  to  place  a  chair 
upon  the  face  of  a  man,  perhaps  the  portrait  of  some  distinguished 
personage,  seems  an  unpardonable  impertinence.  Similarly,  a  table 
covering  the  better  part  of  a  pretty  landscape  is  more  likely  to  pro- 
voke the  wish  to  have  it  removed  than  may  be  quite  comfortable  to 
the  occupants  of  the  room.  Animal  figures  are  not  so  important; 
but  the  incongruity  of  placing  them  under  furniture  on  a  flat  floor 
is  not  less  obvious. 

Writing  in  1875,  Dr.  Christopher  Dresser  gave  judgments  which, 
even  if  our  own  designers  have  partially  escaped  them  by  improved 
excellence,  remain  very  sound  and  pointed: — 

''The  finest  models  which  we  have  to  study  at  the  present  day", 
he  said,  ''are  the  carpets  of  Persia,  India,  and  Morocco;  in  none  of 
these  do  we  find  natural  reproductions,  but,  on  the  contrary,  a  rich, 
subdued,  mingled  beauty,  which  none  can  fail  to  admire.  There  is 
a  neutrality  of  effect  with  fullness  of  colour,  a  subdued  aspect  with 
gorgeousness,  enlivening  qualities  without  obtrusiveness. 

"A  carpet,  as  used  with  us,  is  a  background  on  which  furniture 
is  to  rest,  and  against  which  it  is  to  be  seen  to  advantage;  it  must 
therefore  be  neutral  in  character,  and  not  unduly  attractive.  But 
neutrality  does  not  imply  muddiness  of  aspect;  on  the  contrary,  the 
most  glowing  colours  may  combine  to  produce  a  neutral  tint,  but  if 
bright  colours  are  employed  with  this  object,  they  must  be  used  in 
the  smallest  of  masses,  and  be  intermixed  as  much  as  possible — many 
stitches  of  one  colour  never  coming  together. 

"This  glowing  neutrality  is  often  that  which  is  most  desirable  as 
a  background,  and  it  is  that  which  the  Persians  so  skilfully  produce. 
The  Indians  often  colour  to  a  somewhat  lower  key  than  the  Persians, 
yet  they  never  obtain  muddiness  in  their  effects;  in  some  cases  the 
patterns  of  India  and  Persia  are  identical,  as  I  have  already  pointed 
out,  and  in  these  cases  the  colouring  is  also  similar. 

"Moorish  carpets  generally  contain  more  yellow  than  the  rugs  of 
Persia  or  India,  but  the  yellow  is  often  in  a  tertiary  form,  or  in  com- 
bination, as  well   as   separate   and   pure.      Thus,    besides  lemon  and 
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orange  yellows,  we  have  citrons  and  yellow  greens;  and  I  have  seen 
Morocco  carpets  which,  for  beauty  of  colour  and  harmony,  were  un- 
surpassed by  anything  that  I  have  ever  seen  in  the  way  of  woven 
fabrics. 

"There  are  certain  forms  and  peculiarities  of  Oriental  carpets  which 
deserve  at  least  passing  notice;  thus  the  pine  form,  as  it  is  termed, 
or  Persian  pine,  is  common  on  the  carpets  of  Persia.  Many  will 
know  the  form  better  as  occurring  on  Cashmere  shawls.  This  shape 
is  used  as  a  carpet  pattern,  being  simply  and  regularly  distributed 
over  the  surface,  and  it  is  also  to  be  found  in  a  much-transmuted  or 
modified  state  in  many  of  the  Eastern  patterns.  This  pine  form  has 
to  the  Persian,  and  also  to  the  Turk,  a  special  significance,  for  it  is 
the  sacred  cypress  tree  which  they  plant  in  their  cemeteries;  and  on 
Persian  earthen  vessels  I  have  traced  every  modification  of  form, 
from  that  of  the  tree  as  naturally  drawn,  to  the  conventional  shape 
known  as  the  Persian  pine. 

"Many  Oriental  rugs  have  patterns  which  point  in  a  particular 
direction — to  one  end  of  the  rug.  All  such  rugs  are  prayer  carpets. 
When  the  rug  is  set  towards  Mecca  the  devotee  prostrates  himself 
upon  it  and  performs  his  devotions;  but  those  carpets  which  are 
made  as  floor  or  ottoman  coverings  never  have  such  patterns  applied 
to  them  as  point  in  one  particular  direction.  Some  are  only  decorated 
with  the  pine  form  so  as  to  remind  those  for  whom  they  are  made 
of  their  dead. 

"  It  is  curious  to  notice  how  both  the  Persians  and  Indians  produce, 
as  it  were,  many  patterns  out  of  one  design  by  employing  various 
methods  of  colour.  If  their  patterns  are  attentively  considered,  it 
will  be  found  that  many  of  them  contain  starlike  or  flowerlike 
ornaments,  which  are  so  situated  in  relation  to  one  another  as  to 
form  a  square.  By  making  all  those  flowers  light  in  one  case  and 
dark  in  another,  great  diversity  of  effect  is  produced.  In  some  in- 
stances, however,  certain  of  the  flowers  are  made  dark  and  others 
light,  and  changes  are  brought  about  in  the  most  ingenious  manner, 
and  with  such  consummate  skill  that  we  have  to  look  attentively  in 
order  to  discover  that  the  whole  of  the  effects  produced  result  from 
modifications  of  the  one  pattern." 

Special  Limits  of  Carpet  Design. — A  designer  of  carpets  should 
study  thoroughly  the  whole  of  textile  design.  Every  principle  of  cloth 
structure,  every  method  of  weaving,  has  significance  for  him,  though 
it  may  not  appear  so  on  the  surface.     Though  he  knots  the  tufts  of 
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pile  yarn  into  his  warp,  the  Persian  carpet  maker  knows  that  tufts 
of  a  certain  colour  tied  every  successive  row  in  the  warp  ends,  and 
diverging  to  the  right,  will  produce  a  diagonal  line  across  his  fabric; 
three  tufts,  four  tufts,  stepped  to  right  or  left  in  regular  order,  will 
have  the  same  effect,  and  only  make  a  broader  stripe.  What  is  that 
but  the  twill  pattern?  In  colour,  too,  textile  law  holds  good  in  carpets 
as  well  as  in  every  other  fabric.  What  is  bad  colour  in  a  cloth  may 
be  worse  in  a  carpet,  where  colour  is  more  important  than  design, 
since  an  inferior  design  with  a  good  scheme  of  colouring  will  find  a 
market,  where  the  most  perfect  design,  badly  coloured,  would  be 
peremptorily  rejected.  In  short,  the  carpet  designer  is  a  textile 
designer  restricted  within  special  limits. 

We  have  seen  how  restricted  he  is  in  the  choice  of  patterns;  but  the 
limits  are  even  more  stringent.  Compare,  for  example,  a  single  loop 
of  even  the  finest  Brussels  carpet  with  a  single  stitch  of  a  fine  cotton 
cloth.  Loop  and  stitch  are  the  minimum  points  of  colour  in  both  cases, 
and  the  former  is  ten  times  the  area  of  the  latter.  Gradations  in  colour 
may  therefore  be  attempted  in  fine  cotton  which  would  be  utterly 
impossible  in  carpets.  A  full  appreciation  of  this  fact  is  very  necessary 
as  a  check  to  foolish  ambition  on  the  part  of  inexperienced  designers, 
or  those  who,  unhappily,  cater  for  an  uncultured  taste.  Under  natural 
conditions  the  gradations  of  colour  are  almost  infinite.  Consider  a 
grass  field;  we  say  it  is  green,  and  the  prevailing  hue  is  no  doubt  that 
colour.  Examine  the  surface  of  the  field  closely,  however,  and  you 
will  see  that  amid  the  green,  conditioning  its  appeal  to  the  eye,  there 
are  touches  of  blue  and  veins  of  purple  turning  to  crimson,  it  may  be, 
or  greys  and  yellows  and  browns,  according  to  the  kind  of  grass,  the 
soil,  and  the  light. 

Before  coming  to  the  corollary  of  this,  let  us  examine  another  and 
cognate  limitation.  The  pile  surface  of  the  carpet  gives  it  a  soft, 
mellow  indecisiveness,  grateful  to  the  eye,  when  properly  appreciated, 
but  very  tantalizing  if  clear-cut  effects  are  desired. 

The  carpet  designer,  therefore,  must  be  frankly  conventional;  he 
cannot  pretend  to  imitate  natural  forms  or  hues  exactly;  he  should 
only  attempt  to  convey  the  same  impressions.  This  can  be  done  by 
a  wise  selection  of  the  prominent  features  and  prevailing  colours  of 
objects.  Further,  having  submitted  to  the  restriction  of  a  conventional 
mode,  he  is  given  another  form  of  liberty  which  better  serves  his  real 
ends.  The  artist  can  combine  what  forms  he  pleases  to  make  a  harmony 
of  colour  and  form.      Restricted  from  producing  a  rosebush,  he  can 
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utilize  the  rose  form  in  any  way  he  pleases,  can  group  full-blown 
blossoms  in  squares,  diamonds,  circles,  wreaths,  or  any  shape  or  figure 
he  considers  effective. 

The  last  limitation  which  we  think  worthy  of  detailed  notice  is 
economic.  Carpet  manufacture,  in  this  country,  is  a  commercial  busi- 
ness, governed  by  economic  laws  and  conditions.  If  a  carpet  costs 
more  to  make  than  it  will  fetch  in  the  market,  further  production  of 
that  carpet  is  barred.  The  designer  must  be  careful,  therefore,  to 
limit  his  aspirations  in  two  respects:  he  must  neither  aim  too  high 
in  an  artistic  sense,  nor  design  goods  without  reference  to  the  cost  of 
weaving  them.  In  the  one  case  he  appeals  to  a  small  circle  of  possible 
buyers,  most  of  whom  are  sure  to  be  well  provided  with  carpets;  in 
the  other  case,  he  restricts  his  market  by  the  high  price  which  must 
be  demanded  for  his  product. 

Choice  of  Design. — These  and  minor  restrictions  notwithstanding, 
the  carpet  designer  finds  that  the  field  is  wide  enough  to  allow  the 
fullest  exercise  of  his  ability  and  the  abilities  of  all  his  rivals.  At 
present  we  have  no  sure  guide  to  the  choice  of  designs.  Before 
social  conditions  had  developed  into  such  complexity,  and  the  carpet- 
buying  public  was  restricted  to  classes  of  persons  whose  wants  could 
be  easily  ascertained,  guidance  was  comparatively  easy.  The  common 
counsel  of  the  best  authorities  was  to  study  ancient  and  Eastern  models, 
acquire  a  thorough  knowledge  of  structure,  and  mix  in  a  little  of  what 
could  be  derived  from  personal  observation  of  colour  and  natural 
objects.  Though  very  sound,  such  advice  fails  to  meet  present  con- 
ditions, when  the  shillings  of  the  multitude  are  more  potent  than  the 
pounds  of  the  wealthy  few,  when  furnishings  of  houses  and  buildings 
have  grown  elaborate,  ornate,  fanciful,  and  incalculably  varied.  Never 
was  there  a  time  in  which  individuality  had  freer  scope;  the  vast 
majority  of  designers,  indeed,  would,  if  they  were  wise,  rely  wholly 
upon  what  they  themselves  desire,  with  bold  freedom.  For  they  may 
take  it  that  they  are  of  the  same  taste  and  mind  as  the  multitude  of  their 
fellows,  with  just  that  touch  of  culture  which  enables  them  to  lead,  and 
what  pleases  them  will  suit  the  market.  Let  them  not  mistake  a 
spurious  ambition  for  their  own  thoughts,  but  honestly  interpret  their 
own  likings.  This  seems  bold  heresy;  but  the  facts  supporting  it  are 
everywhere  patent.  It  is  not  the  newspapers,  journals,  and  books 
that  reflect  the  highest  minds  which  are  most  successful,  but  those 
which  happen  to  be  guided  and  written  by  men  who  are  representative 
of  the  great  mass  of  men  in  taste  and  mind.     To  the  born  artist  we 
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have  no  advice  to  offer.  We  can  only  wish  him  well,  and  hope  that  he 
may  have  strength  to  follow  his  own  star,  though  it  lead  him  into  dark- 
ness, and  away  from  the  glitter  of  gilded  success. 

In  this  chapter  we  offer  no  designs;  we  have  been  purposely 
general,  because  the  designs  which  suit  one  form  of  carpet  will  not  suit 
another,  and  because  the  methods  of  manufacture  largely  govern  the 
choice  of  designs.  Some  patterns  may  be  very  well  undertaken  by 
the  weavers  of  the  tufted  carpets,  which  could  not  be  woven  on  the 
Brussels  loom;  the  Patent  Axminster  designer  may  undertake  imita- 
tions which  would  be  wholly  futile  on  the  Scotch  carpet. 


CHAPTER    II 
Oriental  and  Axminster  Carpets 

Oriental  or  Hand-made  Carpets. — Axminster  is  the  name  given 
to  hand-made  carpets  manufactured  in  this  country.  In  no  case,  so  far 
as  we  are  aware,  has  the  purely  handicraft  method  of  Persians  and 
Indians  been  practised  among  us;  the  hand  loom  has  always  been 
utilized.  Oriental  structure  and  methods,  however,  form  the  founda- 
tions of  hand-made  carpet  craft,  and  should  be  clearly  understood  by 
students  of  the  industry. 

Structure  of  Oriental  Carpets. — A  genuine  Oriental  carpet  is  the 
purest  of  textile  fabrics.  Short,  thick  threads  of  wool,  varied  in  colour, 
are  set  in  rows,  ends  upwards,  and  fastened  together  at  the  bottom 
ends,  both  transversely  and  longitudinally.  Small  threads  standing 
together  could  have  no  cohesion;  they  are  simply  the  pile;  the  fabric 
is  something  else.  Here,  once  more,  we  encounter  the  inexorable 
condition  of  textile  structure;  there  must  be  warp  and  weft,  and  cross- 
ing of  these,  to  form  a  fabric.  In  the  Oriental  carpet  the  fabric  is 
made  up  of  linen  or  jute  warp  and  weft,  the  linen  warp  passing  length- 
wise between  the  tufts  of  wool,  and  the  weft  crossing  between  the  rows 
of  tufts,  binding  them  and  the  warp  together. 

Oriental  Carpet  Weaving. — Handicraftsmen  in  primitive  industries 
do  not  practise  always  the  same  methods.  We  may  select  those 
methods,  however,  which  are  most  general  and  most  successful.  The 
Oriental  carpet  is  generally  woven  on  a  warp  fixed  almost  vertically 
in  front  of  the  weaver  (fig.  453).     The  linen  warp  roller  hangs  on  a  pair 
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of  posts,  about  6  ft.  high,  and  depends  on  to  the  cloth  beam,  which 
is  hung  a  foot  or  so  from  the  ground.  At  the  side  of  the  weaver,  who 
squats  in  front  of  the  warp,  are  the  small  tufts  of  prepared  wool,  and  in 


fig-  453- — Primitive  Carpet  Loom,  as  still  used  in  India 


his  hand  he  holds  a  weft  spool  and  a  beating  lath.  Selecting  a  tuft, 
he  inserts  it  between  the  warp  ends,  knots  it  in  with  weft  and  warp,  and 
continues  along  the  whole  row;  then  with  the  lath  he  presses  home  the 
row.  So  he  continues,  building  up  the  carpet.  Another  method  is  to 
weave  warp  and  weft  in  the  shape  of  an 
open  netting,  and  then  tie  in  the  tufts  to 
form  the  pile  warp  (fig.  454). 

Handicraft  practice,  as  we  have  said,  may- 
be varied,  but  the  main  point  is  that  the  pile 
of  the  carpet  is  knotted  tuft  by  tuft,  or  even 
thread  by  thread,  in  between  warp  and  weft. 

Design  in  Hand-made  Carpets. — Having  the  whole  matter  literally 
in  his  own  hands,  the  Oriental  weaver  can  make  any  design  he  pleases. 
He  can  vary  the  colour  of  every  tuft  or  thread  in  the  whole  fabric,  if 
he  can  find  colours  to  that  number.     A  carpet,  however,  coloured  in 


Fig.  454. — Knotted  Pile,  hand-made 
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imitation  of  the  solar  spectrum  might  be  an  interesting  experiment, 
but  it  would  hardly  suit  domestic  requirements.  Eastern  carpet  weavers 
have  used  their  freedom  with  restraint,  most  probably  under  the  domi- 
nation of  religion.  Yet,  because  the  handicraft  is  rnany  centuries  old, 
and  tradition  is  potent,  the  patterns  developed  in  Persia  and  India  are 
very  numerous.  Each  generation  has  contributed  a  few  new  patterns 
while  religiously  preserving  the  old.  He  would  be  a  rash  teacher  who 
would  venture  to  deduce  any   hard-and-fast  rules   from  the  immense 


Fig.  455. — Persian  Rug  Loom.     (By  permission  of  Messrs.  Treloar) 


variety  of  Eastern  patterns.  We  can  only  undertake  to  indicate  the 
leading  and  most  obvious  characteristics  distinctive  of  that  kind  of 
carpet.  Rich  harmony  of  ground  colour  is  the  common  characteristic 
of  all  the  best  carpets ;  next,  the  figures  are  either  small  and  symmetri- 
cally disposed,  so  as  to  form  a  larger  figure,  or  large  and  conventional 
reproductions  of  simple  natural  objects.  Sometimes,  in  Turkish  or 
Armenian  carpets  especially,  we  find  clearly  defined  figures,  but  these 
are  mostly  of  a  geometrical  nature;  of  figuring,  as  we  understand  it, 
there  is  hardly  any.  Such  designs,  so  far  from  being  simple  and  easy, 
are  very  elaborate  and  extremely  difficult.  Given  a  figure  or  picture, 
the  details  are  easily  remembered  and  come  almost  of  themselves;  but 
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every  detail  of  a  pattern  made  up  of  a  combination  of  small  figures 
in  the  midst  of  a  diverse  harmony  of  colours  must  be  individually 
remembered.  Handed  from  generation  to  generation,  the  patterns 
are  acquired  by  the  weavers  in  early  youth.  "In  Persia",  says  Dr. 
Dresser,  "most  of  the  carpets  appear  to  be  made  by  boys,  who  are 
subject  to  a  master-man.  Before  the  boys  commence  to  weave  any 
particular  pattern,  the  master  assembles  them  before  the  drawing  of 
the  carpet;  and  from  this  design,  which  is  on  squared  paper  like  our 
Berlin-wool  patterns,  he  teaches  them  the  arrangement  of  every  colour 
and  every  thread.  When  this  most  difficult  of  tasks  is  perfectly  learned, 
each  boy  has  to  produce  a  carpet  without  reference  to  the  drawing," 
Training  so  rigorous  could  hardly  fail  to  impress  designs  upon  the 
minds  of  the  weavers.  In  other  Eastern  districts,  however,  the  weavers 
have  always  the  designs  by  the  side  of  their  looms  (fig.  455).  Being 
repeated  so  often,  the  design  is  also  remembered. 

Axminster  Carpet  Structure. — The  manufacture  of 
Axminster  carpets  is  nothing  more  than  a  modification  of 
the  Persian  method.  We,  however,  employ  the  common 
hand  loom.  The  linen  warp  is  hung  in  the  loom,  drawn 
and  healded  like  a  plain  web,  and  sleyed  through  the  reed      ^'s-  456.-AX- 

^  '  ■/  <=>  minster  Knot 

set  in  a  batten  without  a  shuttle  box.  At  the  right  hand 
of  the  weaver  the  tufts  of  wool  are  ranged  in  a  case,  the  different 
colours  in  separate  rows.  The  shuttle  carrying  the  spool  of  linen  weft 
lies  ready  to  hand.  Taking  a  tuft,  the  weaver  knots  it  into  the  warp, 
knotting  a  whole  row  (fig.  456).  Then  the  warp  is  crossed,  and  a 
pick  of  weft  is  put  in;  the  warp  is  crossed  again,  and  the  shuttle 
brought  back  through  the  shed  again.  Then  the  batten  is  pulled 
sharply  forward,  to  drive  the  whole  row  of  pile  and  weft  home.  A 
weaver  can  be  taught  in  a  very  few  months  to  weave  those  carpets 
at  a  fair  rate  of  speed. 

Axminster  Designs. — Though  these  carpets  are  made  in  precisely 
the  same  way  as  the  carpets  of  the  East,  Axminster  carpet  weavers 
have  developed  designs  of  their  own.  Allowed  unlimited  scope  by  the 
structure  of  the  carpet,  the  designers  have  not  been  content  to  be  mere 
imitators  of  the  Ancient  and  the  Eastern  weavers.  Some  very  good 
designs  in  Axminsters  are  native  to  Britain.  The  rose  and  the  bracken 
fern  are  as  typical  of  Britain  as  the  pine  cone  and  cypress  branch  are 
of  Persia  and  Asia  minor.  Stripiness  and  lack  of  proportion  have 
been  the  chief  defects  experts  have  found  in  British  Axminsters.  If 
designers,  however,  would  adopt  the  simple  expedient  of  drawing  out 
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their  patterns  upon  a  geometrical  base,  which  need  not  be  obtruded, 
these  faults  would  not  occur.  A  woven  fabric,  at  all  times,  is  composed 
on  a  geometrical  plan ;  it  is  a  series  of  squares  made  up  of  a  series  of 
crossed  lines;  by  no  subterfuge  can  we  escape  that  fact.  On  the 
contrary,  by  frankly  utilizing  it,  we  are  greatly  assisted  in  making 
figured  patterns. 

Composition  of  an  Axminster. — The  tufted  pile  of  an  Axminster  of 
medium  quality  is  composed  of  3/24  worsted;  the  pile  is  nearly  |  in. 
high;  the  worsted  being  doubled,  each  thread  is  about  i  in.  long. 
Warp  and  weft  may  be  of  equal  strength,  though  often  the  warp  is 
thicker.  A  good  linen  of  4  s  count  makes  a  strong  warp  and  weft  for 
binding  in  the  pile. 

Axminster  Carpet  Industry.  —  Introduced  from  France  into  this 
country  by  weavers  from  Tournai,  who  settled  at  Axminster  in  1785, 
the  hand-made  carpet  industry  was  carried  on  in  the  Devonshire  town 
for  a  period  of  about  fifty  years;  but  the  trade  never  was  flourishing, 
and  it  removed  to  Wilton,  being  taken  up  as  a  branch  by  some  weavers 
of  Brussels  and  Wilton  carpets  there.  Later,  Axminster  carpets  were 
made  in  Halifax,  Kidderminster,  Bridgnorth,  and  Hawick;  later  still, 
Glasgow,  Perth,  and  Dairy  were  seats  of  the  trade;  but  nowhere 
could  it  be  said  to  flourish.  Not  till  near  the  close  of  the  nineteenth 
century  was  the  trade  in  Axminster  carpets  of  much  account.  At  that 
time,  however,  Morton,  in  Scotland,  the  Canterbury  weavers,  in  the 
South  of  England,  and  others  in  various  parts  of  the  United  Kingdom 
decided  to  attempt  a  revival  of  the  old  hand-made  carpet.  Considerable 
success  has  attended  the  efl'ort.  Factories  have  been  also  started  in 
the  north  of  Ireland.  Those  who  wish  to  possess  hand-made  carpets 
of  genuine  British  make  may  obtain  their  wish  at  the  hands  of  any 
carpet  warehouseman  of  standing.  The  great  British  furniture  firms, 
as  well  as  the  leading  carpet  sellers,  include  Axminsters  in  their  cata- 
logues as  a  common  article  of  supply.  For  durability,  design,  and 
good  quality,  those  carpets  compare  favourably  with  the  carpets  of 
the  East,  and  the  cost  is  on  the  average  less,  quality  for  quality. 
A  very  good  Axminster  can  be  obtained  for  about  12^-.  6d.  the  square 
yard. 

It  is  none  of  our  business  to  forward  the  commercial  interests  of 
any  branch  of  the  textile  industry,  but  the  Axminster  carpet  trade 
has  claims  upon  our  attention  of  a  special  kind.  A  large  part  of  the 
neglect  with  which  it  has  been  treated  arises  from  the  ignorance  of 
the  carpet-buying  public  and  the  trade  of  the  real  facts  of  the  case. 
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A  false  notion  has  prevailed  that  Axminsters  were  either  far  more 
costly  than  Oriental  carpets  or  in  some  ways  inferior.  In  conse- 
quence, an  industry  of  great  value  to  the  carpet  trade  has  been 
allowed  to  languish  and  almost  die. 


CHAPTER    III 
Machine-made  Tufted  Carpets 

Machine-made  Tufted  Carpets. — At  the  present  time  there  are  two 
kinds  of  machine-made  tufted-pile  carpets  one,  the  Patent  Axminsier, 
the  invention  of  which  is  usually  credited  to  Mr.  James  Templeton, 
of  Glasgow;  and  the  other,  the  Moquette  or  Crompton  Axniinster^ 
woven  on  a  loom  invented  in  the  United  States.  The  history  of  the 
Patent  Axminster  is  rather  curious  and  interesting,  a  certain  piquancy 
accruing  from  the  errors  of  authorities  on  the  subject.  As  textile 
historians  now  read,  the  invention  of  the  Patent  Axminster  carpet 
occurred  in  1836,  or  a  year  or  more  after;  but  from  an  extra  leaf  of 
a  book  published  by  Messrs.  Blackie,  Fullarton,  &  Co.,  in  1827,  we 
extract  the  following: — 

'*  Chenille  Shawls. — This  beautiful  specimen  of  our  shawl  manu- 
facture is  the  invention  of  Mr.  Alexander  Buchanan,  foreman  in 
Paisley,  who  has  likewise  contributed  to  enrich  our  manufactures 
with  several  other  useful  improvements.  So  much  did  the  novel 
appearance  of  these  shawls  attract  the  notice  of  his  townsmen  that, 
by  a  respectable  recommendation  to  the  Board  of  Trustees  in  Edin- 
burgh, they  awarded  him  the  sum  of  twenty  guineas  for  his  ingenuity. 

**  These  shawls,  which  have  been  denominated  Kamschatkas,  derive 
their  beauty  and  lustre  from  the  peculiar  mode  of  preparing  the  weft, 
and  the  ingenious  manner  in  which  the  colours  are  afterwards  arranged; 
in  so  much,  that  a  pattern  which  would  require  a  large  harness  as  an 
imitation  shawl,  can  be  woven  without  any  other  apparatus  than  the 
ground  mounting  and  two  treadle  feet.  The  weft,  which  is  called 
Chenille,  is  prepared  as  follows:  A  Turkey  gauze  warp,  of  net  yarn, 
is  woven  in  a  1200  reed  (Scottish  ell  counts),  with  a  twist  or  splitful 
in  every  fifth  interval,  the  weft  being  either  silk,  cotton,  or  worsted, 
according  to  the  kind  of  shawls  to  be  manufactured.  When  this  fabric 
comes  from  the  loom  it  is  cut  up  by  a  machine,  in  the  centre,  between 
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the  splitfuls  of  warp;  and,  after  receiving  a  little  twist,  to  throw  the 
ends  of  the  cut  weft  into  a  spiral  direction,  it  is  ready  for  the  weaver 
(fig.  457).  The  warp  of  the  shawl  is  likewise  a  Turkey  gauze,  the 
same  as  that  of  the  foundation  of  the  weft;  so  that,  when  a  sufficient 
quantity  of  chenille  has  been  produced  from  a  warp,  it  is  customary 
to  make  shawls  of  the  remainder. 

"In  weaving  these  shawls,  one  shot  of  chenille  is  thrown  in,  and 
three  of  common  weft,  whether  silk,  cotton,  or  worsted;  and  the  fibre 
of  the  chenille,  projecting  in  all  directions,  gives  the  fabric  the  appear- 
ance of  a  fine,  glossy  shag,  showing  the  pattern,  when  figured,  alike 
on  both  sides. 

"When  the  shawls  are  to  be  of  one  uniform  colour,  only  one  kind 
of  weft  is  necessary ;  but  when  they  are  to  be  figured,  different  colours 
are  employed;  and  these  are  woven  in  spaces  adapted  to  the  different 
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Cut  and  folded  Transverse  section,  showing 

fur  inserted 
Fig.  457. — Chenille  for  Patent  Axminster  Carpets 

pans  of  the  design.  The  pattern  is  first  painted  on  design  paper, 
and  coloured  as  for  an  imitation  harness.  Each  space  of  this  design, 
or  that  which  corresponds  to  the  ground  lash,  with  its  different  covers, 
is  again  painted  on  a  separate  piece  of  design  paper,  but  two  spaces 
are  here  covered  to  make  them  better  seen  by  the  weaver,  leaving  a 
blank  space  on  each  side.  These  slips  are  all  numbered  to  prevent 
confusion.  Suppose,  then,  a  web  of  trimmings  were  to  be  woven,  with 
eight  repeats  in  the  breadth  of  a  yard;  for  the  first  shot  of  chenille 
we  take  the  slip  of  paper  No.  i,  and  find  that,  by  reading  it  as  for 
a  sample,  there  are  two  spaces  yellow,  one  white,  four  red,  two  yellow, 
one  black,  two  white,  and  so  on.  The  weaver  works  a  space  of  each 
of  those  colours  on  the  warp,  agreeably  to  the  respective  size  on  the 
slip  of  design  paper;  which,  when  finished,  must  be  exactly  the  breadth 
of  the  trimming.  For  a  guide  to  the  weaver,  the  slip  of  paper  is 
passed  through  the  reed,  and  fastened  at  each  end  to  a  piece  of  tape 
by  a  bit  of  resin,  the  one  behind  the  mounting  hanging  over  the 
warp  roll  and  kept  tight  by  a  small  weight,  and  the  other  fastened 
at  the  face  of  the  cloth.  The  weaver  then  has  only  to  change  his 
shuttles  by  shifting  the  boxes  at  the  lay  at  the  end  of  each  coloured 
space,  as  pointed  out  by  the  design.  The  slip  marked  No.  2  is  next 
put  into  the  reed  for  the  second  shot,  and  the  colours  woven  in  the 
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same  manner,  but  in  the  reverse  order  of  the  first,  as  the  one  is 
thrown  in  from  the  right  hand  and  the  other  from  the  left;  and  so 
on  till  the  weft  for  the  whole  pattern  is  completed.  The  weft  is  cut 
in  lengths  of  8  yd.,  being  the  quantity  usually  wound  on  one  pirn; 
and  this  will  make  eight  shots  of  a  yard-wide  web ;  and  the  pirns  are 
taken  in  succession,  agreeably  to  the  numbers  of  the  slips  of  design 
paper,  and  the  colours  are  placed  in  the  manner  formerly  done  in 
setting  the  weft  of  clouding.  This  species  of  weaving  is  likewise 
adapted  well  to  the  rug  and  carpet  manufacture." 

Patent  Axminster  Carpets.  —  "Alexander  Buchanan,  foreman", 
being  only  a  foreman  and  employee,  received  his  twenty  guineas, 
and  whatever  wages  he  could  obtain  from  his  employers;  but  he 
had  not  the  capital  necessary  for  the  full  exploitation  of  his  brilliant 
idea.  A  neighbouring  shawl  manufacturer,  James  Templeton  by  name, 
while  travelling  in  the  East,  it  is  said,  was  strongly  impressed  by  the 
singular  likeness  of  the  tufted-pile  carpets  woven  by  hand  there  to  the 
so-called  chenille  shawls.  Some  attempts,  as  our  author  indicates, 
had  already  been  made  to  utilize  the  idea  in  the  manufacture  of  carpets, 
but  no  great  success  appears  to  have  been  attained.  With  keen  com- 
mercial insight,  Templeton  perceived  that  therein  lay  an  opening  for 
enterprise.  He  studied  the  subject  diligently,  devised  an  improved 
chenille  loom  to  suit  his  purpose,  and  in  1838,  after  about  four  years 
of  experiment,  boldly  took  premises  in  Glasgow  and  embarked  him- 
self on  the  business  of  making  chenille  carpets^  as  they  were  then 
called,  taking  lOut  a  patent  for  the  fabric,  which  has  therefore  since 
been  designated  Patent  Axminster. 

Design. — Though  machine-made,  the  Patent  Axminster  carpet 
allows  the  utmost  freedom  to  the  designer.  Very  frequently,  indeed, 
artists  who  know  nothing  about  weaving  have  successfully  drawn  de- 
signs for  these  carpets.  Fully  coloured,  the  design  is  submitted  to  the 
judgment  of  the  manager,  or  other  competent  head  of  the  department, 
and,  if  approved,  passes  into  the  hands  of  the  putter-on.  He  draws 
it  out  on  squared  paper,  defining  it  line  by  line,  thread  by  thread, 
colour  by  colour,  the  actual  size  of  the  rug  or  carpet.  The  paper 
on  which  this  is  done  has  been  specially  prepared,  and  is  generally 
backed  by  linen.  The  unit  of  the  pitch  of  the  points  is  usually  2  in. 
square;  in  that  area  we  may  have  72  small  squares,  or  double  that 
number,  as  may  be,  and  arranged  in  various  orders.  A  24-by-i2  paper 
implies  six  tufts  per  inch  in  the  carpet.  When  drawn  out  in  this  form, 
some  designs  which  looked  very  well  in  the  draft  originally  supplied 
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appear  quite  tame,  and  may  be  thrown  aside  at  that  stage.     Unless 
it  shows  up  effectively  in  the  lined  pattern  a  design  is  of  no  use. 

We  saw  that  the  chenille  shawl  was  twice  woven,  first  as  chenille 
and  then  as  a  shawl,  with  the  cut  chenille  for  weft.  The  same  operation 
takes  place  here.  Therefore  a  line  of  horizontal  squares  on  the  design 
paper  represents  a  pick  of  chenille  pile;  read  lengthwise,  the  way  of 
the  warp,  each  square  represents  two  shots  of 
weft  in  the  weaving  of  the  chenille.  To  make 
this  clear,  let  us  take  a  simple  geometrical  pattern 
(fig.  458)  of  five  colours — black,  brown,  fawn, 
drab,  and  red  —  occupying  twenty -two  ends. 
Then,  as  shown  in  line  i  of  the  pattern  which 
follows,  the  first  square  or  division  is  black,  con- 
sequently the  chenille  weaver  inserts,  from  the 
right-hand  side  of  the  loom,  a  shuttle  containing 
black  weft,  before  it  is  replaced  by  the  next 
colour,  viz.  brown,  as  the  pattern  indicates,  and  this  process  is  repeated 
to  the  end  of  the  pattern  by  inserting  two  shots  of  chenille  weft  for 
each  division  on  the  point  paper. 

Squares  in  Line  i.   Black,  i;   brown,  i;  black,  3;  fawn,  2;  black,  3; 
drab,  i;  black,  i;   drab,  i;  black,  3;  fawn,  2; 
black,  3;  brown,  i. 
,5  ,,      2.   Brown,    i;   black,    i;  fawn,  8;   black  i;   drab,  i; 

fawn,  8;  black,  i. 
fawn,    I ;    red,    i ;    drab,    2 
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Fig.  458. — Diagram  of  Patent 
Axminster  Design 


black,  i; 
.'  Black,    i; 
drab,  2 ; 


fawn,   2 ; 

red,    i;    fawn,   i;   black,   i;    fawn,   i; 
fawn,   2 ;    drab,   2 ;    red,    i ; 


drab,    i;    fawn,    i;    red,   4; 

fawn,  I ;   black,  i ;   fawn,  i ; 

red,  4 ;    fawn,    1 ;    drab,    i ; 


9- 
10. 
II. 


red,    I ;    drab,    2 ; 

fawn,  I. 
Black,    I ;    fawn,    i ; 

fawn,  I ;  drab,  i ; 

drab,    i ;    fawn,   i : 

fawn,  I. 
Black,  i;  fawn,  i;  drab,  i;  red,  i;  drab,  i;  fawn,  2 

drab,   i;    red,   i;    drab,    i;    fawn,    i;  black,    i 

fawn,    i;    drab,    i;    red,    i;   drab,    i;    fawn,   2 

drab,  i;  red,  i;  drab,  i;  fawn,  i. 
Fawn,  3;    red,  i;    fawn,  i;    brown,  2;    fawn,  i; 

red,    i;   fawn,   5;   red,    i;   fawn,   i;    brown,   2; 

fawn,  i;  red,  i;  fawn,  2. 
Fawn,  3;  &c. ,  repeat  6th  line. 
Repeat  5th  line. 
4th    ,, 
Srd    ,, 
2nd    ,, 
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Squares  in 

line 

12, 

Repeat 

I  St  line 

13- 

2nd    ,, 

14. 

S^d     ,, 

15- 

4th     ,, 

16. 

5th     „ 

17- 

6th     „ 

18. 

6th    „ 

19. 

5th     ,, 

20. 

4th    ,, 

21. 

3''d    ,, 

22. 

2nd    ,, 

Here  we  have  the  complete  pattern.  Now,  it  has 
to  be  prepared  for  the  weaver  of  the  chenille  pile.  Cut 
the  pattern  across,  separating 
line  from  line,  and  join  the 
right-hand  end  of  strip  i  to  the 
right-hand  end  of  strip  2 ;  join 
the  left-hand  end  of  strip  2  to 
the  left-hand  end  of  strip  3  (fig, 
459).  Following  out  this  prin- 
ciple, we  join  all  the  strips  to- 
gether to  form  a  continuous  tape 
the  breadth  of  the  squares  of  the 
paper  pattern.  The  tape  is  the 
strip  spoken  of  by  the  writer 
who  described  the  chenille  shawl, 
quoted  above  (fig.  460).  It  is 
clear  that,  if  the  strip  is  placed  on  the  loom  as  a  guide, 
the  above  detail  will  give  exactly  the  number  of  right 
and  left  picks  of  weft  which  are  to  be  woven  into  the 
chenille,  and  the  number  of  each  colour.  If  the  de- 
signer chose  to  state  his  pattern  in  the  manner  we  have 
given,  and  handed  it  to  the  weaver  in  that  form,  the 
result  would  be  the  same;  it  would  be  clearer  in  some 
cases,  we  think.  In  practice  it  is  usual  to  cut  the 
design  into  strips  of  two  horizontal  lines,  each  repre- 
senting two  rows  of  fur,  and  then,  after  weaving  the 
first  line  as  above,  to  reverse  the  strip  and  weave  the 
second  line  counting  backwards. 

From  this  it  will  appear  that  the  device  of  employ- 
ing  strips  of  woven  chenille  for  the  carpet   pile  has 


Fig.  459.— Cutting  up  the  Pattern 


►!    - 


Fig.  460. — Strips  of 
Pattern 
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freed  the  designer  from  the  limits  upon  pattern  imposed  by  Jacquard 
weaving.  Because  warp  or  weft  must  be  flushed,  in  ordinary  cloth, 
the  variations  of  colour  on  the  same  line,  either  vertical  or  longitudinal, 
are  limited  to  the  colours  of  weft  and  warp;  but  here  we  meet  no 
restriction,  for  each  single  line  across  the  carpet  is  woven  as  a  pick 
of  chenille  cloth.  **  Mr.  Alexander  Buchanan,  foreman.  Paisley", 
deserved  his  twenty  guineas  and  much  more  grateful  remembrance 
than  seems  to  have  been  his  portion  among  us. 

Weaving  Chenille  Pile. — It  is  absolutely  necessary  that  the  weft 
of  the  chenille,  which  is  the  tuft  pile  of  the  Patent  Axminster  carpet, 
should  be  firmly  bound  into  the  base  structure  of  the  carpet.  No 
better  weave  than  the  gauze  could  have  been  selected  for  that  purpose. 
Chenille-gauze  weaving  has  features  peculiar  to  itself.  If  the  gauze 
warp  is  needed  for  binding,  we  also  require  open  spaces  in  the  warp, 
to  leave  the  weft  free  for  a  given  length.  The  warp  is  drawn  and 
sleyed  in  sets,  each  binding  set  being  as  many  dents  apart  as  the 
length  of  the  pile  of  the  carpet  demands.  If  the  pile  is  to  be  |  in. 
in  depth,  the  warp  ends  should  be  passed  through  the  reed  with  a 
little  over  h  in.  between  successive  sets.  It  is  usual  to  employ  six 
warp  ends  in  each  set — four  straight  and  two  crossed — for  binding  the 
chenille.  They  are  sleyed  one  crossing  end  under  two  straight  ends; 
the  straight  warp  and  the  crossing  ends  are  on  separate  beams. 

Up  till  about  1880  nearly  all  the  Patent  Axminster  carpets  were 
supposed  to  contain  nothing  but  worsted  weft  and  linen  warp;  but 
even  then  cotton  warps  were  not  infrequent,  though  unconfessed,  and 
now  cotton  is  openly  employed.  The  following  are  the  particulars 
of  a  good  make  of  carpet: — 

Reed — 38  in.,   30  dents  per  inch. 

Warp,    I  St  dent,  straight  ends — 2  threads  2/24  s  cotton. 
,,  ,,       ,,       crossed       ,,        i   thread    3/60  s       ,, 

,,         2nd    ,,       straight      ,,        2  threads  2/24  s       ,, 
,,  ,,       ,,       crossed       ,,        i  thread    3/60  s       ,, 

Sleying- — Miss   10  dents  between  the  sets. 

Weft — 3/1 2  s  worsted. 

Picks  per  inch — 22. 

Take-up  of  warp — 9  yd.  of  straight  warp  to  8  yd.  of  pile;   5  yd. 
crossed  warp  to  2  yd,   pile. 

Chenille  Gauze  Loom.  —  On  the  common  gauze  loom  there  are 
only  three  heald  shafts,  the  two  for  plain,  and  the  standard,  with  doup, 
for  the  crossing   or   gauze  weave.      In    several    respects   the   chenille 


MACHINE-MADE   TUFTED   CARPETS  157 

loom  is  special.  Most  notable  are  the  heald  shafts,  of  which  there 
are  five — six,  if  we  separate  the  standard  from  the  doup.  Heald  shafts 
I  and  2  carry  the  straight  threads ;  shaft  3  holds  the  crossing  ends ; 
shaft  4  is  a  skeleton  heald  for  lifting  the  doup  when  the  weave  is 
plain ;  5  is  the  standard  upon  which  hangs  the  doup  or  half-heald 
shaft.  Heald  shaft  i  never  lifts  in  common  gauze;  but  it  plays  a 
part,  of  course,  in  the  weaving  of  plain  cloth.  At  the  first  shot  of 
plain,  heald  shafts  2,  3,  and  4,  which  carry  up  the  doup  alone,  lift, 
being  treads  i  and  2;  on  treads  3  and  4,  gauze  is  formed,  the  shafts 
2,  3,  and  4  being  depressed,  while  shafts  i  and  5,  the  latter  carrying 
up  the  doup,  are  lifted.  As  the  latter  holds  the  crossing  ends,  a  cross 
is  formed,  while  shaft  i  produces  the  opposing  ground  shed. 

The  various  methods  of  easing  the  warp  for  the  crossing  shed  have 
been  fully  explained  in  the  section  devoted  to  the  gauze  loom,  and 
repetition  is  needless  here. 

Picking. — Because  of  the  number  of  shuttle  changes,  and  the  need 
for  constant  observation,  chenille  is  still  largely  woven  on  the  hand 
loom;  nor  has  the  method  of  gauging  the  pattern  been  changed  from 
that  of  the  weaver  of  Kamschatka  shawls.  Taking  the  first  line  or 
cord,  the  weaver  inserts  it  through  an  opening  at  the  right-hand  side 
of  the  reed,  fastens  it  to  the  cloth  on  this  side,  and  stretches  it  by 
means  of  a  cord  and  weight  at  the  other  end.  For  every  square  on 
the  narrow  strip  the  weaver  inserts  two  picks  of  weft. 

Resuming  our  original  pattern,  and  letting  each  number  given 
represent  a  double  pick,  we  can  weave  it  from  the  details  of  the  pattern 
detailed. 

We  do  not  go  over  the  same  ground  again;  but  one  thing  should 
be  noted.  All  the  rows  are  read  from  left  to  right  for  draft;  but  this 
would  not  serve  for  the  weaver.  When  the  first  row  has  been  com- 
pleted, the  second  row  should  be  read  from  right  to  left.  Of  course, 
if  the  weaver  has  already  made  up  the  long  tape  aforementioned,  there 
is  no  need  for  that  precaution,  because  all  the  ends  of  the  lines  have 
been  properly  joined. 

Chenille  may  also  be  woven  plain  (fig.  461),  but  the  binding  is 
not  so  firm  as  the  gauze  weave  gives. 

Problems. — Production  of  chenille  is  for  a  definite  purpose;  before 
beginning  the  work  at  all,  indeed,  the  manufacturer  has  settled  in 
his  own  mind  some  things  which  are  to  the  student  problems  he  is 
unable  to  understand  until  he  has  grasped  the  nature  of  the  process. 
According  to  our  premises,  the  example  of  weave  cited  will  give  112 
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rows  of  chenille  in  the  loom;  but  the  question  which  has  yet  to  be 
answered  is:  How  long  is  the  web  to  be?  To  answer  that  question,  we 
must  first  determine  how  much  pile  it  will  take  to  make  a  single  repeat 
of  the  pattern.  Given  that  the  pattern  is  of  the  same  width  as  the 
carpet,  and  that  the  depth  of  the  pattern  is  12  in.,  that  the  width  is 
20  in.,  and  that  there  are  10  shots  to  the  inch,  we  can  begin  thus: — 
Formula. — To  find  the  amount  of  pile  required  for  one  repeat  of 
a  pattern,  the  size  of  which  is  known,  and  the  number  of  shots  per 
inch  given,   multiply  the  width  and  length  of  pattern  by  the  number 


Fig.  461. — Chenille  Woven  Plam 


of  shots  per  inch,  and  divide  by  36  (the  number  of  inches  in  a  yard). 
Therefore : 

20  X  12  X  10  4-  36  =   67  yd.  of  pile  for  one  repeat. 

This  gives  the  length  of  the  web.  The  next  problem  is  to  find 
how  long  will  the  carpet  be  which  is  made  from  this?  Because  each 
strip  of  the  chenille  will  produce  one  repeat  of  the  pattern,  and  there 
are  112  strips,  by  multiplying  the  depth  of  the  pattern  in  inches  by  the 
number  of  strips,  and  dividing  by  the  number  of  inches  in  a  yard,  we 
can  obtain  the  knowledge  wanted.     Therefore: 

112X  12-^36  =   37   yd.,  the  length  of  carpet  20  in.  wide. 

Cutting  Chenille. — When  it  comes  off  the  loom,  chenille  is  a  curious 
texture,  very  like  a  fancy  curtain  of  which  the  pattern  has  become 
mixed  (fig.  462).  Between  the  rows  of  gauze  the  worsted  hangs  flat 
and  loose,  like  flushed  weft  without  any  supporting  warp.  To  convert 
this  '*  cloth"  into  strips  of  pile  weft  is  the  next  operation  to  be  per- 
formed; this  work  is  done  by  the  chenille  cutter.  One  machine  will 
cut  sufficient  fur  to  supply  from  eight  to  ten  carpet  looms.  By 
splitting  the  worsted  in  the  centre,  strips  of  fringe  worsted  fastened 
in  the  middle  are  to  be  obtained. 
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The  invention  of  chenille  cutters   has   been    progressive,   and   the 
latest  machine  combines  cutting  with  steaming  and  folding,  delivering 


Fig.  462.— Chenille  "  Cloth" 


the  article  complete  as  pile  weft  ready  for  the  carpet  weaver.  It  is 
an  elaborately  contrived  ma- 
chine for  a  purpose  so  simple, 
but  it  is  efficient  (fig.  463). 
Wound  upon  a  tin  roller,  the 
chenille  is  placed  at  the  end 
of  the  machine,  and  thence 
unrolls,  to  pass  into  the  grip 
of  a  corrugated  roller,  named 
the  gatherer^  which  imparts  a 
fold  to  the  worsted  and  draws 
the  fabric  into  narrower  com- 
pass. Above  is  a  carded  or 
perforated  tin  roller,  catching 
firmly  into  the  chenille,  and 
delivering  it  in  steady  regular 
fashion  to  the  adjustable  cut- 
ting beds  immediately  above. 
This  is  a  kind  of  double  roller, 
the  upper  part  of  which  is 
exactly  the  opposite  of  the 
gatherer.  While  the  latter  is 
hollowed  for  the  worsted  and  high  for  the  gauze,  the  former  is  low  for 
the  gauze  and  high  for  the  worsted.     In  the  centre  of  each  knob  a  slit 


Fig.  463. — Apparatus  for  Cutting  the  Fur  of  Chenille 
Axminster  Carpets 

The  woven  chenille,  wound  upon  a  tin  roller  a,  is  slid  upon  a 
wooden  roller  furnished  with  a  groove  into  which  an  internal 
flange  on  the  tin  roller  fits.  B  is  the  contracting  or  gathering-in 
roller,  c,  c,  Tension  rollers.  D,  Adjustable  cutting  bed  on  which 
the  piece  is  so  placed  that  the  binding  threads  fall  into  the  re- 
cesses E,  and  the  warpless  parts  over  the  slits  F.  G  is  a  drum  into 
which  the  knives  H  are  fitted.  I,  Hot  or  closing  roller,  k,  Card 
roller.     L,  Roller  on  which  the  strips  of  chenille  are  wound. 
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appears.  Drawn  tightly  down  upon  these  corrugations,  the  worsted 
is  tensioned.  Revolving  over  this  roller  is  a  cylinder  on  the  periphery 
of  which  sit  a  series  of  keen  knives,  fitting  accurately  into  the  slits  on 
the  roller  below.  Revolving  rapidly,  the  knives  cut  through  the  middle 
of  each  line  of  loose  worsted,  producing  a  range  of  chenille  strips. 

Passing  on  to  a  second  carded  roller,  the  chenille  strips  are  guided 
on  to  the  closing  roller,  steam-heated  and  deeply  corrugated,  which 
folds  up  the  two  sides  of  worsted  over  the  gauze  knotting  in  the 
centre,  changing  the  flat  strips  into  genuine  chenille  fringe.  A  wooden 
roller  turns  the  strips  on  to  their  sides,  and  delivers  them  to  another 

carded  roller,  whence, 
regularly  tensioned,  they 
are  wound  singly  round 
a  wide  roller.  The  strips 
of  fringe  are  now  num- 
bered, and  spooled  for 
the  carpet  weaver. 

Structure  of  Patent 
Axminster  Carpets.  — 
After  the  chenille  pile 
has  been  made,  one 
might  expect  that  noth- 
ing more  remained  than 
to  weave  them  together 
in  some  form  of  light 
warp  and  produce  a  carpet.  The  task  of  the  carpet  weaver,  however, 
is  more  serious  than  that.  To  give  solidity  and  wearing  quality  to 
the  carpet  it  must  be  backed.  There  are  several  kinds  of  backing, 
but  the  two  most  common  are  known  in  the  trade  as  tapestry  and  rug 
back  respectively  (fig.  464).  The  tapestry  backing  is  the  lighter,  but 
it  has  some  substance  also. 

The  principal  warps  are  the  ground^  or  small  chain,  generally  a 
heavy  jute,  th^fine  chain,  or  binding  warp,  consisting  of  strong  cotton, 
and  the  stuffer  warp,  which  may  be  either  jute  or  thick  cotton.  In 
addition,  we  often  have  a  float  warp,  which  is  useful  in  keeping  the 
pile  straight. 

Now  we  have  to  consider  the  wefts  which  bind  all  this  mass  of 
yarns  together.  There  is  a  tradition  in  the  trade  that  linen  thread 
alone  is  good  enough  for  this  work;  but,  so  far  as  our  experience 
goes,   jute   is   the   weft   chiefly  employed.      A   good  jute   twist,    2/7  s 


Fig.  464. — Structure  of  Chenille  Axminster  Carpets 

I,  Single  shed  or  tapestry  back.  2,  Double  shed  or  rug  back,  a,  Fur 
or  chenille.  B,  c,  Fur  wefts.  D,  Small  chain  binding  the  fur  to  the  base. 
E,  Float  warp.  F,  Stuffer  warp.  G,  Small  chain  or  ground  warp  of  the 
base  structure,      h,  Filling  weft. 
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count,  is  sufficiently  strong  for  the  purpose.  The  weft  binds  the 
stuffer  and  ground  warps  together;  then  the  ground  warp  comes  up 
to  cross  with  the  fine  chain,  and  the  weft  links  them  together;  another 
pick  of  weft  is  shot  between  ground  and  stuffer;  then  the  pick  of 
pile  weft  is  put  in,  the  binding  warp  having  been  lifted.  At  the  same 
time  a  pick  of  ground  weft  is  shot  through.  That  is  to  say,  we  have 
four  picks  of  ground  weft  to  one  of  pile. 

Mounting'  a  Single-shed   Carpet. — All  the  warps  are  on  different 
beams,   because  the  tension  on  each  warp  is  different. 
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Fig  465. — Structure,  Treading,  Draft,  and  Pattern  of  Single-shed  Patent  Axminster  Carpets 

D,  Fur  chain.       e,  Small  chain  or  ground  warp.      F,  Fine  chain  binding  the  fur  to  the  base.      G,  Stuffer  warp. 
H,  Carpet  filling  weft.       I,  Float  warp. 

there  are  four  warps,  we  only  require  four  heald  shafts  (fig.  465). 
The  draft  is  as  follows:  Heald  shaft  4  carries  the  odd  threads  of 
stuffer  warp;  ground  odd  threads,  shaft  3;  float  warp,  shaft  2;  fine 
chain,  shaft  i ;  even  ends  of  ground  and  stuffer,  shafts  3  and  4  respec- 
tively. The  draft,  therefore,  runs:  4,  3,  2,  i,  4,  3.  In  sleying,  we  put 
the  first  four  ends  of  the  draft  through  one  dent  of  the  reed,  and  the 
other  two  through  the  next  dent. 

Weaving  the  Carpet  on  the  Hand  Loom.  —  Having  drafted  and 
sleyed  the  warps,  selected  the  filling  weft,  and  brought  the  pile  weft 
into  readiness  for  use,  we  can  begin  operations. 
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Pick  I. — The  ground  threads  and  float  warp  are  to  be  raised;  as 
these  are  on  heald  shafts  2  and  4,  we  make  the  treading  accordingly. 

Pick  2. — This  pick  passes  over  the  ground  warp,  and  under  the 
float,  stuffer,  and  binding  warps.  Therefore,  heald  shafts  i,  2,  and  4 
are  lifted,  while  3,  which  carries  the  ground  warp,  or  small  chain,  is 
depressed. 

Pick  J. — Another  pick  of  ground  weft  has  to  be  woven  in  between 
the  ground  and  fine  chain,  along  with  the  stuff'er  warp.  For  this  we 
require  to  repeat  the  treading  of  pick  i. 

Pick  ^. — The  opposite  action  must  now  take  place,  to  interlace 
the  warps  and  weft  together.  Therefore  we  repeat  the  treading  on 
pick  2. 

Pick  5. — This  is  the  pile-weft  pick.  All  the  heald  shafts,  excepting 
shaft  I,  which  carries  the  fine  chain,  or  binding  warp,  are  depressed, 
and  the  pile  weft  inserted.  Unwound  from  the  stick,  the  pile  weft  is 
carefully  laid  in,  and  beaten  firmly  up  with  the  batten. 

Notes. — Several  features  of  this  operation  are  worth  noting.  When 
we  have  four  picks  of  ground  to  one  of  pile  it  is  hardly  possible  to 
put  more  than  four  shots  of  pile  into  the  inch.  In  that  case  we  must 
see  that  the  pile  is  at  least  \  in.  in  height,  or  the  carpet  will  appear 
very  thin.  Consequently  the  grade  of  worsted  employed  is  rather 
coarse. 

The  heavy  nature  of  the  pile  produces  another  defect.  It  is  obvious 
that  some  of  the  ends  of  pile  will  be  turned  down  by  the  binding  warp, 
no  matter  how  careful  the  weaver  may  be.  To  remedy  the  defect, 
the  weaver  goes  over  the  pile  pick  with  a  comb,  and  draws  up  the 
pile,  before  beating  up.  If  any  of  the  pile  ends  remain  bound  after 
being  combed,  the  finishers  make  it  good. 

The  float  warp  is  an  addition  which  may  be  dispensed  with,  it 
necessary,  without  affecting  the  weave  in  the  least  degree. 

A  single  thread  of  fine  chain,  consisting  of  2/24  s  cotton,  it  may 
be,  seems  rather  small  for  knitting  the  tufts ;  but  it  must  be  recollected 
that  the  tufts  are  already  well  bound  in  the  chenille  weave,  and  all 
that  is  now  required  is  that  the  binding  warp  be  strong  enough  to 
keep  the  chenille-pile  wefts  in  place,  and,  of  course,  last  the  lifetime 
of  the  rest  of  the  carpet.  There  is  little  stress  put  upon  the  binding 
warp. 

Double-shed  or  Rug  Structure.  —  A  much  heavier  backing  is  the 
double-shed  or  rug  structure.  Professor  F.  Bradbury  gives  very 
clearly  the  particulars  of  such  a  make,  as  follows: — 
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There  are  five  different  kinds  of  warps,  sleyed  into  six  dents  of 
the  reed.  The  warps  and  yarns  are:  Stuffer  warp,  6/9  lb.  per 
spindle  =  54  lb.  per  spindle  hemp;  ground,  2/8  lb.  per  spindles 
jute;    float,   2/7 J  lb.  jute;    fine  chain,  or  binder,  4/24  cotton. 


<;ind  of  Warp. 

No.  of  Heald 

Stuffer      ... 

5 

Ground 

4 

Float 

2 

Fine  chain 

I 

Stuffer      ... 

5 

Ground 

3 

Stuffer      ... 

5 

Ground 

2 

Stuffer      ... 

5 

Ground 

3 

Float 

2 

Fine  chain 

I 

Stuffer      ... 

5 

Ground 

4 

Float 

5 

Ground 

3 

Dent. 


Here  we  have  sixteen  threads  in  each  repeat  of  pattern,  sleyed  in 
six  separate  dents. 

There  are  four  shots,  or  picks  of  ground  weft,  4/7I  lb.  jute,  to  one 
of  chenille-pile  weft.  The  carpet  contains  14  picks  of  ground  per  unit 
to  every  3J  shots  of  pile. 

Notes. — This  make  of  carpet  contains  two  picks  of  filling  on  one 
ground  shed,  with  a  stuffer  warp  lying  perfectly  straight  between  the 
top  and  bottom  shots  of  weft.  The  ground  warp  ends  bend  equally, 
and  may  therefore  be  wound  on  the  same  warp  beam.  The  float  warp 
is  a  feature  of  the  make.  The  binding  warp  end  occurs  once  in  every 
two  splits  of  six  threads. 

We  have  given  examples  of  the  leading  makes;  but  there  are  others 
which  vary  somewhat.  The  variations,  however,  are  only  in  such 
details  as  may  easily  be  understood  in  practice,  once  the  principles 
stated  are  thoroughly  grasped. 

Power  Weaving  of  the  Patent  Axminster  Carpet. — Weavers  of 
the  Patent  Axminster  carpet  have  been  mainly  content  to  cultivate 
abilty  to  cope  with  any  size  or  pattern  of  carpet,  rather  than  to  obtain 
speed  of  manufacture.  Loom  builders,  however,  have  come  in  with 
power  looms  capable  of  weaving  the  fabric,  and  manufacturers  have 
accepted   them  for  the  narrow  makes.      Several   firms  have  invented 
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Front  Elevation 


The  middle  Reed  in  each  set  of  three  projects  as 
here  shov/n 

Fig.  466. — Reed  for  Patent  Axminster  Loom 
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special  looms,  each  one  having  its  own  characteristic  features.  We 
do  not  undertake  to  recommend  one  over  another,  and  therefore  merely 
indicate  the  most  general  principles  of  this  kind  of  loom. 

Reed. — One  of  the  chief  features  of  the  Patent  Axminster  power 
loom  is  the  special  make  of  reed.  Instead  of  being  the  simple  series 
of  fine  vertical  wires,  as  in  the  ordinary  reed,  this  reed  consists  of 
sections,  which  carry  only  part  of  the  warps.  Without  top  or  hand- 
rail, the  base  of  each  reed  (fig.  466)  is  fastened  into  a  brass  bed,  and 
the  tops  of  every  two  out  of  three  are  joined  together  by  soldering 
in    a    solid,    though    tapering    slightly,    to    make   an 

opening.  From  a  bar 
above  the  reed  long 
needles,  with  eyes  near 
the  points,  come  down, 
and  enter  at  every  third 
dent  of  the  reed  (fig. 
467).  The  needle  bar  is 
supported  at  each  end 
by  a  movable  frame, 
which  lifts  or  sinks  as 
required.  Through  the 
eyes  of  the  needles  the 
binding  warp  of  the  pile 
is  drawn  from  a  beam  just  over  it  and  separate  from  the  other  warp 
beams. 

Between  them,  the  needles  and  reed  dents  perform  all  the  duties 
of  the  common  sley,  while  affording,  by  their  peculiar  adjustments, 
room  for  the  play  of  the  fur  or  pile  carrier.  The  warp  beams,  it  may 
be  added,  are  placed  very  close  to  the  rest  of  the  loom,  the  lift  and 
depression  of  the  warp  ends  being  easily  met. 

Chenille  -  pile  Weft  Carrier.  —  The  problem  of  problems  for  all 
weaving-machine  inventors  has  been  to  discover  a  means  of  inserting 
weft  without  the  flying  shuttle.  Whoever  solves  that  problem  will 
change  the  whole  of  the  weaving  industry.  Fabrics  with  wide  spaces 
between  the  warp  ends  have  been  woven  without  the  shuttle,  and  it 
has  been  claimed  that  the  Poyser  tape  loom  has  accomplished  the 
solution;  but  we  have  yet  to  learn  of  a  completely  successful  invention 
for  weaving  ordinary  cloths  of  from  fifty  warp  ends  and  upwards 
per  inch. 

As  we  have  hinted,  the  effectiveness  of  the  chenille-pile  carrier  is 
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Fig.  467. — Needle  Bar 
and  Needles  for  Patent 
A.xminster  Loom 
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partly  due  to  the  spaces  between  the  warp  ends  of  the  carpet.  The 
chenille-pile  weft  is  contained  in  a  can  placed  suitably  behind  the  loom ; 
from  thence  it  is  carried  on  guide  rods  into  a  grooved  finger  projecting 
over  the  reed,  near  the  fell  of  the  carpet.  Two  spindle  rods  crossing 
behind  the  slay  of  the  going  part,  fixed  to  two  slides  in  the  sides  of 
the  loom  frame,  cause  the  carrier  to  slide  laterally  across  the  loom, 
bearing  with  it  the  chenille-pile  weft  (fig.  468).  An  endless  rope  fixed 
to  the  bracket  which  holds  the  fur  or  chenille-pile  carrier,  passes 
round  pulleys  to  a 
large  wooden  pulley 
at  the  left-hand  side  of 
the  loom.  From  the 
rotary  action  of  this 
rope,  the  necessary  to- 
and-fro  motion  is  im- 
parted to  the  chenille- 
pile  weft  carrier. 

Actioo  of  the  Loom. 
— The  complex  nature 
of  the  Patent  Axmin- 
ster  power  loom  ren- 
ders it  difficult  to  un- 
derstand from  mere  description;  but  Professor  F.  Bradbury  has  given 
a  very  lucid  account,  which  we  quote  in  full: — 

"Assume  a  carpet  has  to  be  woven  with  two  shots  of  filling,  '  single- 
shed  '  to  one  row  of  fur.  Then,  measuring  the  time  from  the  bottom 
shaft,  which  is  continually  running  and  revolving  at  the  rate  of  one- 
fifth  the  velocity  ratio  of  the  crank  shaft,  one-fifth  of  a  revolution  of 
the  bottom  shaft  is  made  during  the  insertion  and  beating  up  of  each 
shot  of  ground  filling;  the  remaining  three-fifths  of  the  revolution 
is  occupied  in  laying  and  setting  the  fur.  There  are  several  devices 
adopted  to  impart  the  reciprocating  movement  in  the  lay  of  the  going 
part;  some  utilize  the  cam  action,  others  drive  from  the  crank  shaft — 
which  method  is  to  be  preferred,  since  it  is  possible  to  obtain  a  more 
uniform  beat  and  to  run  at  a  higher  speed  if  necessary.  In  addition 
to  the  needle  frame  previously  mentioned,  there  are  two  heald  shafts, 
one  for  the  ground  and  one  for  the  stuffer  warp.  The  former  heald 
is  up  and  the  latter  down  at  the  moment  the  lay  is  starting  the  beat- 
up  after  an  interval  of  rest  during  the  insertion  of  the  fur.  In  the 
forward  movement  of  the  lay  these  two  shafts  begin  to  reverse  their 


Fig.  468. — Fur  Carrier  of  Patent  Axminster  Loom 
A,  Carrier,  spirally  grooved,      b,  Bracket,      c,  c.  Slide  bars,      d,  Fur. 
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positions,  so  that  on  the  lay's  return  the  ground  chain  is  up  and  the 
stuffer  heald  down.  The  first  pick  of  the  ground  weft  is  then  inserted, 
after  which  the  lay  moves  forward  to  beat  up  this  shot  into  the  fabric. 
On  the  second  pick  the  stuffer  heald  is  up  and  the  ground  chain 
down.  In  this  position  the  lay  rests  full  back  with  the  shot  of  weft 
in  the  open  shed,  whilst  the  fur  carrier  conveys  a  shot  or  length  of 
the  fur  across.  The  weaver  places  the  same  in  position,  the  needle 
frame  falls  with  the  binding  warp  over  the  fur,  and  the  lay  again 
begins  to  beat  up.  These  operations  are  repeated  until  the  required 
length  has  been  woven." 

Moquette  or  Crompton  Axminster  Carpets.  —  Though  Mr. 
Buchanan,  the  inventor  of  the  chenille- pile  carpet,  had  successfully 
evaded  the  problems  in  the  way  of  mechanical  production  of  tufted- 
pile  carpets,  the  problems  still  invited  solution.  Many  attempted  it 
with  partial  success;  but  the  machine  which  has  become  the  standard 
power  loom  for  weaving  Axminster  carpets  is  one  invented  by  a  citizen 
of  the  United  States  and  named  the  Crompton  Loom. 

The  main  difficulty  of  contriving  a  machine  for  weaving  tufted 
carpets  lay  in  the  insertion  of  the  tuft  pile  and  the  binding  of  it 
with  weft  and  warp.  Even  though  the  weavers  of  Axminster,  and 
elsewhere,  had  utilized  the  broad-cloth  loom  for  working  the  warp 
and  filling,  they  were  compelled  to  keep  to  the  old  method  of  putting 
in  the  tufts  by  hand.  The  difficulty  of  doing  it  by  any  other  method 
is  only  too  plain,  even  to  the  outsider. 

Tufting  Mechanism. — As  the  tufting  mechanism  is  the  most  in- 
teresting feature  of  this  loom,  we  shall  concentrate  attention  upon  it 
first,  leaving  over  for  further  consideration  matters  of  structure  and 
design  special  to  this  kind  of  carpet. 

The  tufting  mechanism  of  the  Crompton  loom  lays  in  each  row 
of  tufts  at  once.  This  means  that  all  the  colours  in  each  line  of  the 
pattern  must  be  together  at  one  time.  Let  us  see  how  it  has  been 
managed.  The  tufting  material  is  wound  on  spools.  For  every  row, 
therefore,  in  the  pattern  we  require  a  different  spool;  and  the  coloured 
worsted  must  be  wound  upon  the  spool  so  carefully  that  no  colour 
will  overlap  or  mix  with  the  others. 

Winding  on  the  Spools. — With  the  mechanical  thoroughness  of 
his  nation,  the  citizen  of  the  United  States  who  devised  this  loom 
has  left  as  little  for  the  hand  worker  as  possible,  and  invented  a 
machine  for  winding  on  the  worsted,  or  "setting",  as  the  operation  is 
technically  named.     (See  Plate.)     We  will  suppose  that  the  design  has 
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been  completed,  and  that  all  the  colour  worsteds  have  been  selected 
from  the  stores.  They  are  wound  on  large  bobbins,  which  are  placed 
on  the  bank  behind  the  machine.  A  spool,  which  resembles  a  fairly 
thick  ruler,  with  spindles  on  both  ends,  is  laid  in  the  machine.  An 
end  from  each  bobbin  of  different  colour,  or  of  two  or  three  in  one 
colour  in  stated  order,  is  drawn  on  to  the  spool,  each  in  place.     Then 


Fig.  469. — Tufting  Mechanism 

A,  Roller  or  spool  on  which  the  coloured  pile  threads  are  wound,  turning  on  a  fixed  pin  B  at  each  end,  whose 
slanted  end  is  mounted  on  a  finger  c.  d,  The  tufting  carriage  or  frame.  E,  The  tufting  tubes  soldered  together 
at  F.  G,  A  guide  bar  to  prevent  friction  against  the  ends  of  the  tubes.  H,  The  transferring  arm.  i,  A  finger, 
and  K,  a  spring  tending  to  hold  the  carriage  in  the  double  link  l  of  the  carried  chain.  m.  Side  view  of  a  tube. 
N,  Angle  pin  for  attachment  to  frame. 


the  guides  lay  the  worsteds  upon  precisely  the  area  of  the  roller  which 
they  are  to  occupy:  three  blue,  five  crimson,  four  fawn,  six  brown, 
three  grey,  and  ten  red.  This  represents  one  row  of  tufts.  Another 
spool  is  laid  in  the  machine,  and  it  receives  the  worsteds  for  another 
row.  The  colours  vary  each  time — that  is,  if  the  pattern  requires 
variation. 

Several  points  have  to  be  settled,  however,  before  we  can  be  quite 
sure  that  we  have  got  all  that  is  wanted.  How  many  threads  are 
required  for  the  width  of  the  carpet?  By  supposition,  the  roller  is 
to  carry  the  whole  of  the  threads  for  one  row  of  tufts.     Some  carpets 
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are  made  in  breadths  of  i8  in.,  and  others  are  30  in.  wide.  Some 
makes  have  seven  points  of  tuft  to  the  inch,  and  others  have  eight 
or  nine.  To  find  the  number  of  separate  threads  which  are  to  be 
wound  on  the  roller  or  spool,  multiply  the  number  of  points  per  inch 
by  the  number  of  inches  in  the  breadth  of  the  carpet.  Given  a  carpet 
18  in.  broad,  at  seven  points  per  inch,  there  will  be  126  threads  on 
the  length  of  the  spool. 

Such  a  spool  as  we  have  described  cannot  carry  a  great  number 
of  rounds  of  so  many  threads.  The  pattern  may  be  only  3  in.  in 
length,  and  yet  the  carpet  may  be  60  yd.  long;  or  rather,  we  may 
wish  to  weave  as  many  yards  of  that  kind  of  carpet,  or  even  more. 
The  obvious  remedy  is  to  wind  a  double  set  of  spools  and  put  them 
on  the  machine. 

Again,  the  pattern  may  be  40  in.  long.  That  means,  according 
to  our  calculations,  280  different  spools.  As  we  shall  see,  the  tufting 
mechanism  places  no  great  difficulty  in  our  way,  so  far  as  the  number 
of  spools  is  concerned;  but  there  is  another  trouble  to  be  faced  in 
this  event.  A  single  tuft  consumes  only  about,  say,  ^  in.  of  worsted. 
If  the  carpet  is  woven  to  a  length  of  even  60  yd.,  with  a  pattern  of 
40  in.  long,  then  we  can  only  consume  about  28  in.  of  worsted  from 
each  spool.  The  small  measure  of  yarn  could  hardly  be  wound  on 
the  spools  with  any  degree  of  safety ;  therefore,  a  large  amount  of  waste 
must  be  incurred,  unless  some  method  is  adopted  to  obviate  it.  Two 
courses  are  open.  On  the  one  hand,  we  can  weave  a  large  length 
of  a  carpet  of  elaborate  pattern,  or  we  can  utilize  the  wools  for  some 
other  carpet.  The  first  method  is  the  more  economical,  because  the 
latter  would  involve  re-winding. 

These  are  only  a  few  of  the  practical  problems  which  have  to  be 
dealt  with  at  the  very  start  of  the  Crompton  Axminster  carpet. 

Tufting  Tubes. — Though  carefully  wound  on  the  spools,  the  yarns 
of  different  colour  might  easily  slip  out  of  place  while  being  operated 
with,  if  no  means  were  taken  to  prevent  them.  But  the  inventor 
has  thought  out  his  machine  to  every  detail.  The  spools  are  placed 
on  carriages,  and  to  the  front  of  each  carriage  is  attached  a  range 
of  tubes,  one  tube  for  every  thread.  Into  those  tubes  the  yarns  are 
led,  and  when  through  they  hang  out  free.  At  the  inner  ends  of  the 
tubes,  just  where  the  yarns  enter  them  from  the  spools,  an  iron  bar 
lined  with  rubber  is  placed,  and  this  grips  on  to  the  yarns,  with  an 
intermittent  action,  releasing  the  yarns  when  the  proper  moment 
occurs. 
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Carriag"es  and  Chains. — The  spool  and  its  tubes  properly  adjusted, 
they  are  hung  on  a  carrier,  which  forms  part  of  an  endless  chain. 
The  carriages  are  all  linked  together,  and  hung  upon  a  frame  in 
the  centre  of  which  is  a  mechanism  for  driving  them  round.  All 
the  spools,  to  the  required  number,  it  may  be  150  or  280,  with  tubes 
and  carriages,  form  an  endless  chain  designed  to  travel  round  on  a 
frame  above  the  loom.  The  tufting  yarns  hang  out  from  the  tubes, 
and  each  one  is  brougfht  round 


in  turn  over  the  warp  in  the 
loom.  Dependent  from  the 
tubes,  the  tufting  yarns  pause 
on  the  warp,  and  are  drawn 
down  into  the  shed  and  simul- 
taneously secured  into  the  web 
by  the  insertion  of  a  shot  of 
weft  which  binds  the  fur.  The 
manner  in  which  that  action 
is  accomplished  must  now  be 
observed. 

Structure  of  Crompton 
Axminster  Carpets.  —  De- 
signed to  imitate  hand-made 
carpets,  the  Crompton  Ax- 
minster may  be  backed  in 
several  ways.  In  fact,  we  can 
put  in  almost  any  backing  we 
choose;  the  only  precaution 
to  be  observed  is  to  see  that 
the  binding  of  the  tufts  and 
the  warps  is  good  enough 
(fig.  470).     Some  few  of  the  common  makes  are  the  following: — 

I.  Soft  Wool  Backing. — This  is  woven  with  a  single  warp  and 
double  weft.  Tufting  material  is  composed  of  2/3  s  worsted  of  fine 
quality,  to  give  a  pile  of  |  in.  above  the  warp,  requiring  total  length 
of  tuft  about  I  in.  The  warp  is  sleyed  in  the  ordinary  way,  and 
healded  as  for  cloth,  odd  and  even  ends  alternately  in  the  pair  of  shafts. 
Linen  about  2/14  s  counts  would  serve.  The  top  or  binding  weft, 
two  double  shots  to  each  row  of  tufts,  should  be  a  good  twofold  jute, 
18  lb.  per  spindle.  The  bottom  weft,  two  shots  to  the  tuft,  may  be 
a  rough  Indian  wool,  or  any  other  wool  of  low  grade,  spun  to  3  counts 
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Fig.  470. — Structure  of  Various  Weaves  of  Axminster  Carpet 
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and   doubled.      This  gives  a  soft  backing   to   the   carpet,   and   wears 
fairly  well. 

2.  Heavy-backed.  To  produce  a  heavy  back,  we  employ  the  usual 
device  of  inserting  stuffer  warp  and  float,  the  latter  as  short  chain. 
The  weave  is  arranged  so  that  the  binding  warp,  which  is  of  good 
quality  4  s  count  linen,  holds  the  whole  together,  passing  over  the 
double  shots  of  binding  weft  and  under  the  double  shots  of  the  backing 
weft.  The  float  warp,  or  short  chain,  is  threefold  16  s  cotton,  and  lies 
between  the  top  pair  of  picks  and  the  stuffer  warp.  The  stuffer  warp 
is  double,  of  threefold  cotton,  =  3/9  s,  and  enclosed  within  the  bottom 
picks  and  the  short  chain. 

The  same  weft  is  used  for  both  bottom  and  binding  double  picks. 
It  should  be  strong  jute,  of  15  lb.  to  the  spindle. 
The  order  of  warp  is  given  as  follows: — 

I  thread  long^  chain  for  binding. 
I       ,,         short  chain  for  float. 
I       ,,         stuffer  warp. 

The  whole  sleyed  in  one  dent  of  the  reed,  seven  dents  to  the  inch. 

For  this  carpet  the  tufting  worsted  is  twofold  worsted  of  fine  quality 
spun  to  3  s  count. 

3.  Alternate  Warp  and  Pile. — Nearer  to  the  common  weave  of 
pile  cloths  is  this  make,  which  gives  four  shots  of  weft  to  one  row  of 
tufting.  It  may  or  may  not  have  added  warps  along  with  the  double 
binding  warp.  If  there  is  a  stuffer  warp,  it  is  always  under  the  long 
fine  chain,  and  only  above  the  backing  shots  of  weft.  First  tread: 
two  shots  binding  and  shots  of  backing  wefts.  Second  tread :  crossing 
of  binding  warp,  and  double  shots  of  weft  in  between.  Binding  warp 
up,  and  over  tufting  thread,  the  binding  weft  making  a  double  shot 
between;  the  backing  weft  passing  under  stuffer  warp  and  over  the 
other  section  of  the  binding  warp  chain.  Thus  the  whole  weave 
proceeds. 

These  show  the  possible  variations  in  warping  and  wefting  in  this 
class  of  carpet.  Each  kind  of  warp  must  be  separately  beamed,  be- 
cause the  take-up  varies  greatly.  For  example,  in  the  first  make 
given,  the  ground  chain,  performing  as  it  does  the  whole  of  the  work 
of  binding  and  backing,  is  consumed  at  the  rate  of  \\  yd.  for  every 
yard  of  carpet  produced.  On  the  other  hand,  a  stuffer  warp  if  intro- 
duced into  the  carpet  would  give  almost  yard  for  yard.      It  depends 
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upon  the  crossing  of  the  warp  how  much  or  how  Httle  of  it  is  con- 
sumed in  the  weave.  This  seems  obvious,  but  it  needs  to  be  carefully 
observed. 

Designing'  Crompton  Axminster  Carpets. — If,  as  has  been  shown, 
every  tuft  in  every  row  of  the  Moquette  or  Axminster  carpet  is  under 
the  control  of  the  designer,  he  is  free  from  all  mechanical  restriction, 
and  may  work  out  whatever  pleases  his  fancy.  Certain  conditions, 
however,  have  to  be  met.  It  must  never  be  forgotten  that  the  unit  of 
colour  is  the  square  of  the  double  thread  of  the  pile.  Close  gradation 
of  colour,  therefore,  is  impossible.  Fine  lines  and  complex  figuring 
are  forbidden.  Where 
in  fine  cotton  we  can 
get  90  threads  to  the 
inch,  in  the  Axminster 
carpet  we  have  not  more 
than  10,  and  very  com- 
monly 7. 

The  unit  of  calcula- 
tion in  this  kind  of  car- 
pet is  the  square  inch, 
and  the  pointed  paper, 
upon  which  all  pat- 
terns must  be  finally 
laid  out,  is  divided  up 
into  squares  signifying 

inches  (fig.  471).  These  squares  contain  many  proportions  of  small 
squares:  5  by  5,  5  by  7,  6  by  6,  6  by  5,  7  by  6,  7  by  7,  and  up  to 
10  by  10,  in  every  possible  variation,  the  number  being  determined 
by  the  points  in  the  square  inch  of  carpet. 

Another  restriction  is  imposed  by  the  fact  already  referred  to,  viz. 
the  different  spools  required  for  every  single  row  of  tufts  in  the  pattern. 
The  chain  of  spools  may  be  made  any  length  ;  but  questions  of  economy 
enter  into  the  practical  working  of  such  large  patterns,  which  may 
strongly  militate  against  their  adoption. 

Having  a  heavy  material  to  work  with,  the  best  aim  of  the  designer 
is  colour  harmony.  Attaining  that,  he  may  very  well  let  the  form 
of  the  pattern  develop  according  to  fancy,  though  taking  care  to 
avoid  stiff  or  obviously  unsuitable  forms.  The  old  fashion  of  imitating 
Oriental  rugs  and  carpets  has  long  gone  out;  the  Axminster  carpet 
is  British  and  can  best  be  governed  by  native  taste. 
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Fig.  471. — Crompton  Axminster  on  Design  Paper 
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The  Axminster  Loom. — For  mere  mechanism  the  Axminster-carpet 
loom  stands  without  a  rival;  it  is  one  of  the  most  complex  pieces  of 
machinery  in  the  whole  range  of  textile  mechanics.  The  mule  spinning 
frames  and  the  differential  mechanisms  as  applied  to  "rove"  frames 
are  other  examples.  With  the  Crompton  Axminster  loom  every  bit  of 
mechanism  is  special  and  performs  functions  of  its  own.  If  our  task 
were  to  show  how  such  a  loom  should  be  built,  we  should  not  under- 
take it  without  the  aid  of  machine  drawings  and  diagrams,  which  would 
be  out  of  place  in  a  purely  textile  work.  Fortunately,  all  we  are  re- 
quired to  do  is  to  show  the  uses  of  the  various  appliances,  and  explain 
how  the  loom  weaves  the  carpet.  The  weaver  is  called  upon  to  use 
the  loom  intelligently,   not  to  build  one. 

Though  a  carpet  loom,  and  of  peculiar  structure,  the  Crompton  (see 
Plate)  has  the  same  functions  as  the  ordinary  cloth  loom ;  it  sheds 
the  warp,  inserts  the  weft,  and  weaves  the  fabric.  We  can,  therefore, 
examine  it  in  detail,  according  to  the  ordinary  method,  taking  each 
function  in  turn,  examining  the  warp  management,  the  wefting,  and 
the  tufting  mechanisms. 

Warps  on  the  Crompton  Loom. — As  every  separate  warp  is  woven 
into  the  fabric  differently,  they  are  dressed  and  wound  on  separate 
beams.  As  a  rule,  there  are  three  warps,  though  we  may  have  more 
or  less.  Let  it  be  understood  that  we  have  two  warps,  for  the  sake 
of  simplicity,  viz.  the  ground  and  the  stuffer  warps.  Having  been 
adjusted  at  the  back  of  the  loom,  the  warps  are  led  through  three 
heald  shafts;  the  ground  warp,  as  the  shed  former,  being  healded  in 
two  shafts  and  the  stuffer  in  one. 

Three  positive  tappets  and  three  long  upright  levers  or  treadles 
operate  the  heald  shafts,  to  which  they  are  connected  by  cords,  at 
top  and  bottom,  running  round  suitable  pulleys.  Fulcrumed  in  the 
middle,  the  lever  treadles  are  driven  by  the  tappets  placed  about  midway 
between  the  fulcra  and  the  bases.  Therefore,  when  the  inner  rings  of 
the  tappets  are  in  contact  with  the  anti-friction  bowls,  on  the  levers, 
the  heddles  are  lifted;  when  the  outer  rings  operate,  the  heddles  are 
depressed.  Shaped  not  unlike  single-shed  tappets,  these  tappets  are 
driven  at  such  speed  as  the  rest  of  the  loom  requires.  Sometimes 
the  tappets  are  driven  from  the  main  crank  shaft  of  the  loom,  though 
generally  the  motion  is  derived  from  the  cam  shaft,  through  the  medium 
of  a  small  shaft  connected  with  it. 

In  a  loom  of  this  size,  warp  tensions  are  very  important.  For  the 
stuffer  warp,    nothing   more  is  required  than   the  ordinary  letting-off 
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motion  of  the  common  loom.  With  the  ground  and  small  chain  the 
case  is  opposite.  Various  motions  have  been  invented  to  regulate 
these  tensions.  The  aim  of  every  motion  is  to  release  the  warp  suffi- 
ciently for  the  shedding  and  wefting,  and  to  tighten  it  up  for  the  beat- 
ing of  the  tufts  into  the  warp.  The  main  instruments  in  the  operation 
are   the   stay   rods,   round  which   the  warps  are  wound,   and  various 
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Fig.  472. — Weft  Needle  of  Axminster  Carpet  Loom 

A,  Needle,  b,  Weft,  c.  Weft  bobbin,  d,  Guide 
ring.  E,  Tension  bar.  F,  Ring  eye  on  the  rocking 
lever  G  which  is  pivoted  on  a  stud  H.  G  is  fitted 
with  a  spring  i,  which  takes  up  any  slack  in  the  weft. 
J  is  the  fell  of  the  carpet.  k,  Vertical  pin  holding 
the  edge  of  the  fell  pending  beating  up  by  the  slay. 
L,  Shuttle  driven  by  a  propeller  m  and  carrying  a 
thread  n  through  the  loop  in  the  weft  as  shown  in 
fig.  474.  P,  Tension  ring.  Q,  Needle  guide.  R, 
Lever  supporting  the  needle  whilst  the  notch  in 
which  the  shuttle  works  passes  the  guide  Q.  s.  The 
rod  on  which  the  needle-carriage  slides. 


Fig.  473.— Picking  Mechanism  of  Axminster  Carpet 
Loom 

A,  Tappet  shaft  on  which  is  a  sleeve  B  flanged  at  C 
and  D.  To  these  flanges  tappets  e  and  F  are  secured. 
G,  H,  Anti-friction  rollers  attached  to  treadles  which 
carry  on  their  ends  the  sockets  l  j,  communicating  by 
universal  joints  motion  to  the  lever  K  and  through  it 
to  the  picking  arm  L  attached  to  the  needle  carriage  M 
sliding  on  the  rod  s.     See  fig.  472. 


levers,  chains,  and  weights,  interacting  with  each  other,  and  the  warp 
beams,  adjust  the  whole  to  the  conditions  which  are  successively 
brought  about  by  the  operations  of  the  loom. 

Wefting. — The  wefting  mechanism  of  the  Crompton  loom  is  like 
no  other  with  which  we  have  been  called  upon  to  deal.  From  a 
bobbin  at  the  side  of  the  loom  the  weft  thread  is  led  through  various 
guides  and  tensioning  appliances  into  the  eye  of  a  long  wire  or 
needle  (fig.  472).  Fixed  upon  a  carriage,  this  needle  is  operated  in 
a  positive  manner  as  distinguished  from  the  ordinary  shuttle  which  is 
negative.      The  picking  arm   is  fulcrumed  on  a  shaft  in  the  base  of 
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the  loom,  and  it  works  upon  the  rocking  principle  actuated  by  two 
tappets,  one  of  which  drives  forward,  and  the  other  draws  backward, 
the  weft  carrier;  but  anyone  familiar  with  the  picking  motions  of  the 
loom  will  find  no  difficulty  in  understanding  this  part  of  the  Crompton 
loom  (fig.  473).  In  fact,  it  is  possible  that  a  much  simpler  method  of 
driving  the  picker  could  be  devised. 

Double  Picking. — More  worthy  of  special  note  are  the  features  of 
the  wefting  peculiar  and  suitable  to  the  fabric  woven.     Being  a  needle, 

the  weft  carrier  must  needs 
bear  through  the  shed  the 
weft  in  double  form.  In  any 
other  class  of  fabric  this 
would  be  a  drawback,  but  it 
meets  exactly  the  need  of  the 
heavy  Axminster  carpets. 
The  needle  carries  the  double 
thread  through  the  shed; 
but  the  needle  also  returns, 
and  therefore,  unless  other- 
wise checked,  will  bring 
back  the  wefts  already  laid 
in  the  shed. 

At  the  other  side  of  the 
loom,  however,  a  very 
peculiar  and  novel  appli- 
ance is  at  work  (fig.  474). 
Within  a  semicircular  slide 
bolted  to  the  loom  frame  is 
what  may  be  described  as  a  sewing-machine  needle  and  shuttle. 
Fixed  so  as  to  pass,  with  its  thread,  under  a  notch  in  the  weft  carrier, 
this  needle  passes  over  the  weft,  and  inserts  a  stitch,  receding  again 
on  the  circular  slide,  to  leave  the  lay  free  passage  as  it  comes  up  to 
beat  home  the  wefts.  By  these  actions  the  doubled  end  of  the  double 
weft  is  secured,  and  the  weft  carrier  recedes  harmlessly,  having  been 
forced  by  the  stitch  of  the  small  needle  to  allow  the  weft  to  remain. 
At  the  other  side  of  the  loom  the  same  function  is  simply  performed 
by  a  small,  pointed  pin,  with  a  spiral  spring,  which  is  caused  to  rise 
when  the  weft  carrier  passes  through,  and  to  sink  when  the  slay  is 
brought  forward  to  beat  up  weft  and  tufts. 

Tufting  Mechanisms. — On  the  early  Crompton  looms  the  tufting 


Fig.  474. — Weft-retaining  Mechanism  of  Axminster  Carpet  Loom 

A,  Needle.  B,  Weft,  l,  Shuttle,  m,  Propeller,  the  two  arms  of 
which  are  linked  by  a  spring  T.  N,  Thread  of  shuttle,  u,  Shuttle- 
race  carried  on  the  support  v  attached  to  the  framing.  The  shuttle 
is  driven  by  a  cam  through  the  rod  w,  and  the  arm  x  attached  to 
a  rocking  shaft  Y. 
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carriages  were  borne  on  endless  chains  spread  wide  like  a  canopy  over 
the  loom  frame;  but  it  was  discovered  later  that  a  more  compact 
framing  for  the  chains  of  spools  served  equally  well  and  economized 
space.  The  chains  are  composed  of  alternate  double  and  single  links, 
pivoted  together,  the  double  links  carrying  the  tufting  carriages.  The 
endless  chains  are  mounted  on  sprocket  wheels,  which  are  driven  by 
a  train  of  wheels  connected  with  the  cam  shaft  by  a  tappet  shaft. 

As  the  tufting  chains  must  be  moved  intermittently,  to  bring  each 
spool  carrying  its  row  of  pile  tufts  into  position  for  action,  a  hexa- 
gonal star  wheel  is  geared  with  the  driving  shaft  of  the  sprocket 
wheels,  through  which  the  wheels  are  moved  only  one-sixth  of  a 
revolution  to  one  of  the  cam  shafts.  This  affords  a  pause  long 
enough  to  allow  the  tufting  carriage  to  be  lowered,  so  that  the  tubes 
may  insert  the  tufting  ends  within  the  shed  of  the  warp,  and  let  the 
carriage  return  into  its  normal  position  on  the  endless  chains. 

The  Tufting  Operation. — Before  we  can  understand  the  action  of 
the  mechanism  which  transfers  the  tufting  carriage  from  the  chain, 
we  must  know  something  of  the  intention  of  the  act.  It  is  one  of 
the  boldest  pieces  of  mechanical  invention  in  textile  machinery. 

The  tufting  chain  contains  as  many  spools  as  there  are  rows  in 
one  repeat  of  the  design,  and  each  spool  carries  as  many  ends  as 
there  are  tufts  in  the  width  of  the  carpet.  Both  ends  of  the  spools 
are  supported  in  the  double  links  of  the  chains;  but  the  spools  are 
not  bolted  to  the  chain.  A  ring  head  is  on  the  top  end  of  the  spool, 
and  through  it  a  short  bolt  on  the  carriage  is  inserted.  This  bolt  is 
secured  in  position  by  a  strong  spring  passing  up  between  the  two 
links  of  the  chain,  while  another  spring  comes  up  over  the  other 
side  of  the  double  links.  If  one  or  both  of  these  springs  could  be 
thrust  out  of  place,  the  spool,  having  no  support,  would  drop  out. 

The  mechanism,  however,  performs  much  more  than  this.  Let 
us  examine  the  whole  operation.  Each  spool,  with  its  set  of  tubes, 
is  hung  on  the  carriage  and  chains  in  such  a  position  that,  when 
the  tuft  which  it  holds  is  to  be  inserted,  it  can  be  at  once  brought 
into  action.  The  tufting  pile  yarn,  as  we  have  hinted,  is  brought 
down  into  contact  with  the  fell  of  the  carpet,  in  front  of  the  reed,  and 
all  the  tufting  yarns  enter  the  spaces  between  the  warp  ends,  forming 
the  lifted  portion  of  the  warp  shed.  Trailed  diagonally  into  the  shed, 
the  free  ends  of  the  tufts  are  arrested,  and  held  firmly  to  the  edge 
of  the  fell.  The  spools  and  tubes,  however,  continue  to  move  in 
a   diagonal    but   downward   direction,    until   there    is    sufficient    space 
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between  the  ends  of  the  tubes  and  the  fixed  ends  of  the  tuft  yarns, 
under  the  upper  shed  of  warp  ends,  to  admit  of  the  insertion  of  the 
double  pick  of  weft  put  in  by  the  wefting  wire  or  needle  above  de- 
scribed. Weft  and  warp  between  them  effectually  lock  in  the  ends 
of  tuft. 

When  the  pile  yarns  have  thus  been  secured,  the  tubes  and  spools 
rise  again,  moving  slightly  forward  towards  the  fell  of  the  carpet, 
thus  doubling  the  extended    tufting  yarns   over  the   inserted   double 

pick.  As  soon  as  the 
tubes  are  clear,  the  reed 
comes  forward,  and  beats 
the  weft  picks  and  ends 
of  tuft  into  the  warp. 
The  reed  recedes,  and  the 
warps  cross,  forming  the 
shed  for  the  next  double 
pick  of  weft,  the  reed  again 
coming  back  to  beat  up 
the  combination  of  wefts 
and  warps.  Continuing 
to  move  upwards,  the 
tubes  now  fully  extend 
the  length  of  tufting  yarn 
which  has  been  let  out, 
and  a  horizontal  knife 
severs  them,  leaving  the 
row  of  tufts  clear  in  the 
fabric. 

The  Transferring  Motions. — The  instrument  of  transfer,  as  it  may 
be  called,  which  lifts  off  the  tufting  spool  from  the  chain  and  puts  it 
back  again,  is  a  long  rod,  or  pair  of  rods,  one  for  each  side  of  the 
chain,  actuated  by  three  tappets,  through  a  series  of  levers  (fig.  475). 
A  short  lever  is  fixed  to  a  shaft  supported  by  the  loom  frame, 
and  moves  freely  upon  it;  the  free  end  of  this  short  lever  holds  a 
swing  shaft  in  position  above  the  warp  threads.  Stretching  across 
the  whole  loom,  this  lever  is  connected  with  a  pair  of  levers,  one  at 
each  side,  which  are  of  the  utmost  importance.  Fixing  our  attention 
upon  one  of  the  pair  (for  both  are  alike),  we  can  follow  the  motions 
better.  A  stud  upon  the  latter  small  lever  serves  as  the  fulcrum  of 
the  transferring  arm,  while  another  joint  from  the  under  side  of  the 


Fig.  475. — Transferring  Motions 

A,  Tuft.  B,  B,  Tuft  carriers.  C,  Sprocket-wheel.  D,  Tuft-arresting 
bar.  E,  Lever  to  lift  the  bar  D.  F,  Breast  beam.  G,  H,  I,  Levers 
actuating  the  transferring  arm  K  and  taking  their  motion  from  the 
tappets  L,  M,  N,  by  means  of  the  bowls  O,  P,  Q. 
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same  stud  joins  on  to  a  vertical  lever,  or  shaft,  extending  down  to 
where  the  double  levers  come  into  contact  with  the  first  of  the  three 
tappets.  When  this  tappet  revolves,  it  causes  the  transferring  arm 
to  lift  or  sink,  lifting  to  thrust  itself  into  the  joint  of  the  spool  with 
the  chain,  and  then  coming  down  with  the  tufting  spool  into  the 
level  of  the  warp  and  carpet  fell. 

Having  been  brought  down,  the  tuft  must  now  be  drawn  into  the 
shed.  Another  vertical  lever  is  connected  with  the  extreme  end  of 
the  transferring  arm,  and  this  lever  is  actuated,  through  jointed  levers 
and  antifriction  bowls,  by  the  second  of  the  tappets.  By  the  lift  of 
the  tappet  the  upper  end  of  the  vertical  lever  is  forced  slowly  back, 
and  draws  with  it  the  transferring  arm  carrying  the  spool  and  its 
yarn  tubes. 

Tappet  No.  3  completes  the  round  of  the  motions.  A  horizontal 
lever  rests  upon  this  tappet,  the  outer  end  of  which  is  fixed  on  the 
loom  frame,  while  the  inner  end  is  joined  to  a  vertical  lever,  the 
upper  end  of  which  is  a  kind  of  hook  working  in  a  loop.  Upon  the 
extreme  end  of  the  transferring  arm  is  a  long  finger,  and  this  is 
operated  upon  by  the  hook  on  the  top  of  the  lever  last  described. 
The  action  of  these  mechanisms  is  to  draw  the  transferring  arms  away 
from  the  tufting  frame  in  a  lateral  direction. 

Recapitulation.  —  A  recapitulation  in  outline  of  these  complex 
motions  will  be  of  service  in  making  the  action  as  a  whole  clear. 
Fixed  on  the  cam,  or  tappet  shaft,  revolving  horizontally  in  the  loom, 
the  three  tappets  are  simultaneously  turned.  No.  i  tappet,  acting 
through  the  series  of  levers,  causes  the  transferring  arm  to  lift  until 
it  is  almost  in  contact  with  the  revolving  tufting  frame.  Tappet  No.  2, 
with  its  shaft  and  levers,  brings  the  transferring  arm  into  a  position 
behind  the  tufting  carriage,  by  a  slanting  motion  downwards.  Lifting 
again,  the  tappet  causes  the  arm  to  moye  downwards  to  the  left,  and 
thus  engage  with  the  pin  and  spring  holding  the  spool  into  the  chain. 
Tappet  No.  3,  acting  in  consort  with  the  others,  lifts  its  rod,  which 
gives  the  finger  on  the  end  of  the  transferring  arm  a  lateral  push, 
driving  it  against  the  spring  of  the  endless  chain,  and  releasing  the 
spool  and  carriage. 

Continuing  to  revolve,  tappet  i  now  lowers  the  transferring  arm 
till  the  tubes  trail  their  yarns  on  the  edge  of  the  carpet  fell,  where 
the  suspended  ends  are  gripped.  At  the  same  time  tappet  2  operates 
in  co-operation  with  its  companion,  and  imparts  a  diagonal  trailing 
motion   to  the  arm  now  carrying  the  tufting  spool  and  tubes  on  the 
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level  of  the  upper  warp.  It  is  this  combined  action  which  brings  the 
tufting  yarn  into  such  a  position  that  the  double  weft  shot  can  be 
driven  through  between  the  tufting  ends  and  the  warp. 

Tappet  I  resumes  the  lead,  and  lifts  the  transferring  arm  up  to 
the  level  of  the  revolving  chain  of  tufting  carriages,  and  thrusts  the 
arm,  so  that  it  pushes  the  pin  of  the  spool  back  into  its  former  place 
between  the  double  links  of  the  chain.  Then  tappet  2  causes  the  arm 
to  withdraw  from  the  tufting  frame,  and  re-assume  the  position  whence 
it  can  commence  afresh  the  transferring  motions. 

Small  and  Common  Parts. — The  presser  which  secures  the  ends 
of  the  tufts  to  the  edge  of  the  fell  is  rather  complex  in  its  parts, 
though  simple  in  action.  It  is  a  straight  bar  held  across  the  loom 
on  movable  arms,  operated  by  a  tappet  lever  and  spiral  spring,  the 
mutual  actions  of  which,  in  elevating  and  depressing  the  rod  upon 
the  fell,  are  timed  to  the  actions  of  the  going  part  and  the  tufting 
mechanisms. 

For  the  rest,  this  highly  complex  loom  is  operated  on  the  principles 
common  to  all  textile  weaving  machines.  The  let-off  of  the  warps, 
the  take-up  of  the  cloth  beam,  and  the  beating  up  of  the  slay,  are 
all  easily  understood  by  anyone  who  has  previously  studied  the  com- 
mon power  loom. 

On  the  whole,  the  Crompton  loom  seems  rather  more  complex 
than  is  quite  necessary  for  practical  work ;  but  it  produces  good  fabrics, 
and  the  machine-made  Axminster,  Moquette,  or  Crompton  Axminster 
carpet,  as  it  is  variously  named,  may  be  safely  described  as  a  fine 
product  of  the  loom,  equal  in  art  respects  to  the  more  fashionable 
Oriental  fabrics,  and  superior  in  stability  of  structure. 


CHAPTER   IV 
Brussels  and  Wilton  Carpets 

Plush-pile  Carpets. — Invented  by  Western  weavers  as  substitutes 
for  the  knotted-pile  carpets  of  the  East,  the  plush-pile  carpets  are 
adapted  for  weaving  all  through.  Everything  is  done  by  the  loom. 
The  class  includes  four  kinds:  Brussels^  Wilton,  Tapestry^  and  Velvet- 
pile  Tapestry,  For  weaving  these  carpets  the  common  appliances  of 
the  loom  are  amply  sufficient.     The  velvet  loom  and  the  Jacquard  are 
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the  instruments  of  production;  we  have  pile  warp  and  ground  warps, 
pile  wires  and  ground  wefts,  just  as  they  have  been  used  in  the  plushes 
for  hundreds  of  years.  New  and  special  features  occur  in  all  the  makes 
of  pile  carpets,  but  they  are  not  such  as  would  give  much  trouble  to 
a  weaver  who  had  mastered  the  common  loom. 

Brussels  Carpet  Structure. — The  surface  of  the  Brussels  carpet  is 
composed  of  worsted-pile  loops ;  the  body  of  the  fabric  is  made  up  of 
pile  warp,  ground  warp,  and  whatever  stuffer  warps  may  be  added 
to  enhance  the  solidity  of  the  carpet.  In  technical  phrase,  we  speak 
of  a  six-frame^  fi've-frame,  four-frame,  or  threefrmne  Brussels.  By 
learning  the  full   meanings  of  those  terms  we  shall   gain  an   insight 

into  the  structure.  0s,fk.f\f\r\f\.f\r\r\r\        a 

A  single  frame  contains  as  /;)  jjj  \\  hi  M  hi  M  j;|  M  |?j  l;\^ 

many    v/arp  -  pile    threads    as  '   ' '  ^^"^S^SySUr/UJSuJSl^S    ^ 


i\     n     i\,     i\     i\     n     i\ 


l\^,V 


there  are  loops  in  the  breadth      ■^^^rvT^^TTTTT^T^^^^^^  C 
of  the  carpet.     The  full  width  A 

Fig.  476. — Section  of  Five-frame  Brussels  Carpet 

of  a  Brussels  carpet  is  gener- 

"  A  A,  Small  chain.       b,  Pile  warp.       c,  Stuffer  warp. 

ally  27  in.,  and  there  are  com- 
monly 9J   threads  to  the  inch,   or  from   256   to  260  threads.      Some 
qualities  are  woven  10  to  the  inch,  and  others  as  low  as  216  threads 
to  the  27  in. ;    but  each  frame  must  contain  the  number  of  pile-warp 
ends  required  for  the  width,  whatever  that  number  may  be. 

We  have  said  that  there  are  six  frames  in  the  highest  quality  of 
carpet,  and  to  anyone  unacquainted  with  Brussels  structure  a  strange 
discrepancy  must  appear.  If  every  frame  contains  the  full  number 
of  warp  ends  required  for  the  width  of  the  carpet,  what  is  the  use 
of  six  frames,  and  where  do  we  put  the  additional  threads?  That  is 
precisely  the  point  we  wish  to  bring  out  clearly.  The  five  threads 
which  do  not  appear  on  the  surface  make  up  the  depth  of  the  carpet. 
Except  in  cases  which  will  be  afterwards  referred  to,  every  thread  of  all 
the  frames  is  continuously  in  the  carpet  from  end  to  end.  That  is  to 
say,  a  six-frame  Brussels  carpet  is  always  six  worsted  threads  thick — 
five  in  addition  to  the  pile. 

Pile  Loops. — If  only  one  set  of  threads  from  one  frame  were  to 
be  always  looped  up,  any  pattern  except  a  striped  effect  would  be 
impossible.  Again,  if  all  the  warp  ends  in  all  the  frames  were  of  one 
colour,  a  pattern  would  be  equally  impossible.  As  a  rule,  the  threads 
in  each  frame  are  of  one  colour,  and  all  the  frames  are  difi"erent  in 
colour.  Pattern  is  produced  by  looping  up  different  threads  from  the 
several  frames  to  form  one  row  of  loops. 
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The  pile  loops,  it  may  be  said  here,  are  formed  by  the  insertion 
of  long  wires  between  the  ground  warp  and  weft  and  the  pile  ends 
lifted. 

Ground  Warps. — The  main  ground  warp  is  called  the  small  chain, 
and  it  is  shed  up  and  down,  in  crossings,  over  and  under  all  the 
other  warps,  excepting  those  threads  which  happen  at  the  moment 
to  be  up  to  form  the  loops.  The  other  warp  is  composed  of  a  jute 
yarn,  and  may  be  one,  two,  or  three  threads  in  thickness.  It  lies 
straight  in  the  body  of  the  fabric,  taking  no  part  either  in  binding 
or  the  pattern;  its  function  is  simply  to  add  weight  and  bulk  to  the 
carpet. 

These  two  warps  are  operated  by  heald  shafts.  The  ground  chain 
is  healded  as  for  common  plain  weave  but  with  two  shots  in  each 
shed,  all  the  odd  threads  in  one  heald  shaft  and  the  even  threads  in 
the  other.  A  positive  tappet  controls  the  motions  of  the  ground-warp 
heald  shafts,  while  the  stuffer  heald,  or  healds,  is  carried  up  or  down 
by  the  harness  mounting  or  lower  comber-board  carrying  the  pile-warp 
healds. 

Ground  and  stuffer  warps  are  wound  on  separate  beams. 

Pile-warp  Mountings. — The  frames  of  pile  warp  are  placed,  more 
or  less  horizontally,  behind  the  loom.  Each  frame  holds  as  many 
threads  as  are  contained  in  the  width  of  the  carpet,  wound  on  large 
bobbins  which  are  placed  on  wood  pegs  and  freely  rotate  in  their 
respective  divisional  spaces  and  frames.  From  the  frames  the  warp 
threads  are  drawn  forward  through  the  healds  on  the  Jacquard  cords, 
depending  from  the  head  of  the  loom  through  the  reed,  and  on  to  the 
cloth  beam.  By  means  of  card  cylinder,  cards,  needles,  lifting  board, 
cords  and  heald  eyes,  those  pile-warp  threads  which  are  to  be  formed 
into  loops  and  give  colour  to  the  pattern  are  lifted  at  every  alternate 
ground  shot.  With  holes  punched  in  them  the  Jacquard  cards  have 
already  been  strung  in  an  endless  chain  round  the  cylinder,  and  the 
non-perforated  portions  of  the  card  press  in  those  needles  connected 
with  the  cords  holding  those  threads  the  designer  has  chosen  to 
appear  on  the  surface. 

Weft  or  Filling.  —  Binding  the  whole  fabric  together,  the  weft 
requires  to  be  strong  and  sound;  it  is  generally  of  good  linen  twist. 
At  no  time  is  the  weft  outside  the  ground  warp ;  when  the  warps  cross, 
the  weft  only  passes  to  the  other  side.  For  instance,  if  the  odd  warp 
ends  are  lifted  over  the  whole  of  the  warps,  the  weft  pick  passes  under 
them  and  on  the  top  of  the  warps;  at  the  next  motion  the  warp  ends 
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cross,  and  as  the  even  ends  are  about  to  come  up,  the  weft  pick  passes 
between  them  and  the  body  of  the  warp  on  the  under  side.  Next,  the 
even  warp  ends  are  up,  and  the  double  pick  of  wefts  again  enclosed 
on  the  top  and  bottom  sides  by  the  ground  warp. 

Method  of  Construction. — A  rough  outline  of  the  method  of  com- 
bining all  those  factors  will  show  more  fully  the  structure  of  the 
Brussels  carpet.  In  every  dent  of  the  reed,  which  has  as  many 
dents  to  the  inch  as  there  are  points  to  the  inch  in  the  carpet,  there 
are  sleyed  one  pile-warp  end  from  each  frame,  two  ends  of  ground 
warp,  and  stuffer-warp  ends  in  proportion  to  the  number  of  stuffers 
in  the  body  of  the  fabric.  Pick  i:  only  the  heald  shaft  carrying  all 
the  odd -numbered  threads  of  ground  warp  is  lifted,  bringing  the 
ground  warp  over  the  whole  body.  Pick  2 :  the  first  heald  shaft 
remains  up;  the  Jacquard  needles  have  acted,  and  the  board  lifts, 
taking  up  all  the  pile-warp  ends  which  are  to  form  the  surface  loops, 
and  the  rest  of  the  ends,  along  with  the  stuffer  warp,  lift  a  little; 
the  even  ends  of  the  ground  warp  alone  remain  sunk;  the  weft  is 
shot  between  them  and  under  the  rest  of  the  warps.  Pick  3:  this  is 
a  repetition  of  pick  i,  except  that  No.  2  heald  shaft  is  lifted  and  No.  i 
is  dropped,  binding  the  wire  which  has  been  inserted  within  the  loops, 
and  at  the  same  time  enclosing  weft  and  all  the  warps.  Pick  4: 
repeat  pick  2  and  insert  the  wire  under  the  lifted  pile-warp  ends. 

Designing  the  Brussels  Carpet. — According  to  traditional  practice 
there  are  only  as  many  colours  as  there  are  frames  in  the  carpet. 
When  honestly  observed,  and  respected  by  buyer  as  well  as  maker, 
the  practice  was  wholesome.  By  a  glance  at  the  number  of  colours 
you  could  tell  the  quality  of  the  carpet.  A  three-frame  had  three 
colours  and  a  six-frame  six  colours.  But  the  purchasers  of  the  three- 
frame  carpets  could  not  be  contented  thus  to  advertise  their  pecuniary 
inferiority  to  the  purchasers  of  the  six-frame  carpet ;  they  wanted  their 
carpets  also  to  have  a  stylish  appearance,  and  surely  a  difference  in 
the  colour  of  yarns  should  not  be  allowed  to  stand  in  the  way!  How 
the  love  of  cheap  display,  and  some  other  qualities  even  less  admirable, 
were  gratified,  we  shall  presently  show.  For  the  present,  however,  we 
follow  the  traditional  practice,  because  it  is  clearer  and  simpler,  and 
because  the  addition  of  colours  without  corresponding  frames  is  merely 
a  modification  of  this  method. 

The  designer  of  a  six-frame  carpet  has  six  colours  to  work  with, 
one  from  each  frame.  To  a  colourist  of  average  ability  six  distinct 
colours  are  ample  for  producing  every  imaginable  effect.     It  is  perhaps 
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important  to  note  that  planting  is  more  frequently  resorted  to  when 
three,  four,  or  five  frames  only  are  used.  As  we  have  shown  in  our 
discourse  on  colour  in  design,  colour  relation  multiplies  variation  in 
colour.  Because  a  six-frame  carpet  is  usually .  woven  close,  there 
are  lo  points  per  inch  in  the  width  and  lo  points  per  inch  to  the 
depth,  which  gives  loo  points  to  the  square  inch.  Upon  such  material 
.does  the  designer  work.  The  scope  is  ample,  and  ambition  may  be 
tempted  to  soar  above  the  restrictions  of  good  taste.  On  Brussels 
carpets,  more  than  any  others,  the  restrictions  general  to  carpets 
are  imperative.  Only  colour  harmonies  and  conventional  figures 
should  be  attempted. 

Each  small  square  in  the  design  paper  signifies  a  loop  or  stitch 
on  the  surface  of  the  carpet,  and  the  squares  are  divided  both  laterally 
and  longitudinally  into  divisions  corresponding  with  the  number  of  loops 
in  I  in.  The  pattern  is  usually  completed  in  the  width,  though  it  may 
be  of  any  length  compatible  with  its  own  symmetry.  More  often  than 
not  the  pattern  is  repeated  in  the  width  of  260  threads;  in  this  case 
we  must  have  two,  three,  or  more  complete  patterns.  The  woven 
carpet,  it  must  be  understood,  does  not  represent  a  complete  carpet 
as  used ;  the  woven  strips  are  joined  together.  Therefore,  if  we  have 
not  complete  patterns  on  the  strips,  joining  would  be  difficult. 

Some  variations  have  been  introduced  in  the  combining  of  patterns. 
There  are  what  have  been  termed  drop  patterns.  Taken  broadly,  the 
drop  practically  means  the  same  as  the  reversing  of  a  weave  in  a 
twill  or  other  pattern  design  in  cloth.  The  same  figure  is  employed, 
but  in  an  order  either  reversed  wholly  or  alternated  in  part.  Utilizing 
the  drop  idea,  the  designer  can  make  his  single  pattern  the  part  of  a 
larger  complete  pattern. 

Another  method  of  employing  the  same  device  is  the  making  of 
patterns  which  join  only  at  one  side.  In  these  carpets  the  strips 
have  their  figures  pointing  in  alternate  directions. 

Card  Stamping. — When  the  design  has  been  coloured  and  ap- 
proved, it  is  first  given  into  the  hands  of  the  colourist,  who  goes  into 
the  yarn  stores  and  selects  the  yarns.  His  work  is  wholly  a  matter  of 
personal  ability  and  acquirement,  and  therefore  cannot  be  studied  here. 

Now  the  design  is  prepared  for  the  card  stampers.  Though  there 
are  different  forms  of  Jacquard  employed  in  manipulating  the  pile 
warps  of  Brussels  carpets,  the  principle  of  the  operations  is  the  same. 
For  a  six-frame  Brussels  carpet  we  require  a  Jacquard  machine  with 
a  capacity  of   1320  needles,   controlling   1584  harness  cords;    that  is, 
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a  cord  for  every  thread  in  the  whole  fabric.  Obviously  it  is  not 
very  convenient  for  any  single  card  to  operate  all  those  needles,  and, 
to  get  rid  of  the  difficulty,  inventors  have  devised  a  set  of  three 
cylinders  working  all  one  level  and  at  the  same  time,  to  operate  three 
cards  governing  the  same  line  of  loops  on  the  design.  Before  stamp- 
ing can  be  commenced,  therefore,  the  design  must  be  carefully  divided 
up  into  three  parts,  each  section  being  lettered  or  numbered  to  indicate 
its  position  in  the  complete  design. 

Some  Jacquards  are  operated  on  the  principle  that  a  hole  in  the 
card  produces  a  lifted  warp  end ;  in  others  a  perforation  indicates  that 
the  warp  ends  are  to  be  sunk.  The  Jacquard  most  commonly  used 
for  Brussels-carpet  weaving  is  operated  on  the  latter  principle;  wher- 
ever a  thread  is  to  be  called  up,  the  card  is  not  perforated. 

Let  us  consider  each  pair  of  threads  on  each  wire  pick  separately, 
since  every  one  represents  one  row  of  needles  taken  in  a  vertical  plane, 
and  consequently  one  row  of  perforations  in  the  Jacquard  card.  The 
first  thread  of  each  pair  represents  the  odd-  and  the  second  the  even- 
numbered  threads  of  the  whole  design. 

It  will  be  recollected  that  the  sixth  frame  is  governed  by  the  oppo- 
site principle  of  the  others.  Letting  the  sixth  frame  alone  means 
depression  of  the  ends,  and  operating  it  brings  up  the  ends. 

When  determining  the  holes  to  be  perforated,  we  must  take  note 
of  the  ends  which  the  needles  control,  and  to  what  frame  these  ends 
belong.  Suppose,  for  example,  needle  8  controls  the  even  ends  of 
the  third  frame,  and  that  the  even  thread  is  to  be  that  particular 
colour,  then  all  the  holes  in  the  row,  excepting  that  opposite  No.  8, 
are  to  be  perforated.  If,  on  the  other  hand,  the  odd  thread  is  a  colour 
from  the  sixth  frame,  all  the  holes  for  the  odd  split  are  perforated. 
Again,  if  the  second  pair  of  pile  threads  on  the  wire  are  designed  so 
that  the  odd  thread  is  a  colour  from  the  second  frame,  and  that  needle  3 
controls  these  threads,  then  the  card  is  left  plain  opposite  No.  3  needle. 
If  for  the  even  end  we  require  a  thread  from  the  fourth  frame,  and 
needle  9  is  the  controlling  agent,  the  ninth  hole  in  the  second  vertical 
row  on  the  card  is  not  perforated. 

The  principle  is  consistent  throughout,  and  only  needs  careful  study, 
with  practical  examples,  of  course,  to  enable  anyone  to  master  it. 

As  soon  as  the  stamper  has  arranged  a  row,  she  brings  down  the 
punches,  and  makes  the  perforations  designed.  When  a  row  has 
been  punched,  the  machine  automatically  draws  the  card  forward  and 
makes  it  ready  for  the  next  row. 
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Planting. — The  practice  of  plantings  as  it  has  been  called,  was 
originally  designed  to  make  a  carpet  appear  to  belong  to  a  higher 
class  than  it  really  did.  As  we  have  said,  it  was  commonly  assumed 
in  former  days  that  the  number  of  colours  in  a  carpet  was  a  suffi- 
cient index  of  its  class.  This  assumption,  however,  has  long  ceased 
to  be  valid.  The  buyer  must  now  depend  upon  his  own  wit  and 
experienced  judgment  to  determine  what  is  the  real  value  of  a  carpet. 
Planting   is   now   carried   to   considerable   lengths.      For   example,    a 

practice  quite  common 
is  to  lay  down  five 
frames,  and  to  reduce 
the  number  of  warp  ends 
as  nearly  as  possible  to 
the  limit  of  ends  re- 
quired for  the  actual 
pattern.  Say  that  the 
colours  are  black,  cream, 
olive,  pink,  cardinal. 
Black  and  olive  are  the 
two  full  frames.  Then, 
of  the  pink  frame,  only 
four  stitches  are  required 
in  every  ten;  we  there- 
fore put  in  104  threads 
instead  of  260.  Two 
stitches  in  every  ten  are 
saved  on  the  cream 
frame;  that  is  a  saving 
of  fifty-two  ends  on  the 
width.  Cardinal  shows  only  four  stitches  in  ten,  at  intervals.  We 
are  consequently  safe  in  planting  104  threads,  and  saving  the  other 
156  in  the  width.  This  carpet,  though  having  the  external  appear- 
ance of  a  five-frame,  is  of  less  value  than  a  four-frame  carpet. 

Commercial  competition  has  undoubtedly  had  some  influence  in 
developing  planting;  but  there  may  be  artistic  and  quite  innocent 
purposes  served  by  the  practice.  As  a  rule  the  purchasing  public 
knows  nothing  of  our  trade  traditions,  and  it  buys  carpets  for  what 
they  seem  to  be  worth.  By  planting  we  can  get  a  wider  variety  of 
pattern,  a  larger  selection  of  colours,  and  more  elasticity  all  round 
in  the  designing  and  weaving  of  the  fabrics  (fig.  477). 
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Fig.  477- — Brussels  Carpet,  Planted  Pattern  (six  colours  in  four  frames, 
the  fourth  frame  alone  complete) 
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The  Gammot. — When  a  pattern  departs  from  the  common  rule  of 
one  frame  to  each  colour,  then  the  colourist  who  selects  the  yarns 
requires  a  guide  as  to  the  number  of  threads  of  each  colour  employed 
in  the  pattern.  This  guide  is  called  the  gammot,  and  runs  in  a 
strip  across  the  bottom  of  the  design.  A  line  is  given  to  each  colour. 
The  full  frame  fills  all  the  squares;  the  broken  frames  are  indicated 
by  dots  of  colour  upon  the  vertical  lines  of  squares  where  they  occur 
in  the  pattern.  On  the  pink  line  of  squares  of  the  above  example, 
for  instance,  we  might  have  two  blank  squares,  one  pink  square,  one 
blank,  one  pink,  two  blank,  one  pink,  and  so  on,  right  across  the 
whole  width.  The  same  method  could  be  observed  in  the  others.  We 
thus  furnish  the  yarn  colourist  with  a  complete  guide. 

The  Brussels  Loom. — The  general  structure  and  method  of  opera- 
tion of  the  Brussels  loom  have  been  fully  described  in  a  previous 
saction  treating  of  weaving  mechanisms.  But  we  have  yet  to  supply 
those  practical  particulars  which  belong  to  the  weaving  of  Brussels 
carpets,  apart  from  the  general  class  of  plush  looms  and  weaves. 

Mounting  and  Putting  in  the  Web.— A  Brussels  loom  consists  of 
the  following  main  parts: — 

1.  Driving  mechanisms. 

2.  Motions  controlling  ground,  stuffer,  and  pile  warps — heald  shafts, 
Jacquard  harness,  and  tappets  and  Jacquard  cylinder,  cards  and  needles 
controlling  these. 

3.  W>ft  shuttles  and  picking  appliances. 

4.  Wires  and  wire  motions. 

5.  Beating-up  and  going  part,  including  reed. 

6.  Letting-off  and  taking-up  motions. 

7.  Stop  motions. 

Management  of  the  loom  involves  a  knowledge  of  all  these  parts 
and  the  ways  in  which  they  interact  upon  each  other.  Some  detailed 
attention,  therefore,  should  be  given  to  each. 

Driving  Mechanism. — The  Brussels  loom  is  usually  driven  through 
a  train  of  wheels  between  the  pulley  which  takes  the  drive  from  the 
mill  shaft  and  the  shafts  of  the  loom.  A  direct  drive  fails  to  give 
that  steadiness  and  uniformity  of  power  so  essential  to  such  a  com- 
plex machine.  At  times  a  great  strain  is  put  upon  the  drive,  and 
at  other  times  it  is  light;  by  the  agency  of  intervening  wheels  and 
a  flywheel  the  strain  is  equalized. 

As  in  most  looms,  there  are  two  shafts,  the  crank  shaft  and  the 
tappet  or  low  shaft,  the  latter  being  driven   from  the  former.     From 
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the  loom  pulley  to  the  crank  shaft  the  train  of  wheels  runs  thus: 
Driven  pulley  on  short  shaft;  flywheel  and  small  toothed  wheel  on 
same  shaft;  large  toothed  wheel  gearing  into  the  small  wheel  on  the 
end  of  short  shaft;  this  wheel  is  firmly  fixed  upon  the  crank  shaft 
and  drives  it. 

Drive  of  low  shaft:  A  toothed  wheel  fixed  on  the  crank  shaft  gears 
into  a  larger  toothed  wheel  on  the  low  shaft  and  drives  it. 

If  we  wish  to  know  the  speeds  of  those  two  shafts,  we  follow  the 
usual  rule,  viz.  multiply  all  the  driving  factors  together  and  divide 
by  the  driven.  Thus,  to  find  the  speed  of  the  crank  shaft,  we  require 
to  state  the  speed  of  the  mill  shaft,  diameter  of  belt  drum,  diameter 
of  loom  pulley,  number  of  teeth  on  short-shaft  pinion,  and  number 
of  teeth  on  crank-shaft  toothed  wheel.  Say  that  the  speed  of  the 
mill  shaft  is  120  revolutions  per  minute;  the  diameter  of  the  belt 
drum,  32  in.;  diameter  of  loom  pulley,  12  in.;  number  of  teeth  in 
pinion  wheel  on  short  shaft,  20;  teeth  on  crank-shaft  pinion  wheel, 
no:    then  we  have  the  following: — 

(120  X  32  X  20)  -^  (12  X  no)   =   58.2,  the  speed  of  crank  shaft. 

Again,  for  the  low  shaft  we  suppose  that  the  spur  wheel  on  the 
low  shaft  has  96  teeth,  and  that  the  pinion  driving  it  from  the  crank 
shaft  has  48  teeth.     We  therefore  obtain — 

(58.2  X  48)  -f-  96   =   29.1,  speed  of  low  shaft. 

Roughly  speaking,  we  count  the  speed  of  the  crank  shaft  60  and 
the  low  shaft  30  revolutions  per  minute.  Stated  in  terms  of  work, 
we  should  say  that  the  loom  makes  60  shots  per  minute  or  30  wires. 

These  factors  are  very  important,  because  we  derive  all  our  drives 
from  one  or  other  of  these  shafts,  and  it  is  well  to  know  what  we  have 
to  work  upon. 

Shedding  Appliances. — Ground  warp  is  wound  upon  a  beam,  leased 
and  healded  as  for  plain  weaving,  and  sleyed  in  the  same  way.  One 
heald  shaft  carries  all  the  odd-numbered  and  the  other  all  the  even- 
numbered  warp  ends.  The  shafts  are  linked  top  and  bottom  to  a 
pair  of  horizontal  treadles  operated  by  a  positive  tappet,  with  a  pair 
of  plates  made  for  plain  weave.  On  the  crank  shaft  is  fixed  a  small 
pinion  with  30  teeth,  and  this  gears  into  a  large  toothed  wheel 
running  loosely  on  the  low  shaft,  the  wheel  having  120  teeth.  Upon 
this  wheel  the  tappets  are  securely  bolted.  Every  plain  tappet,  whether 
positive  or  negative,  produces  two  lifts  of  the  treadles  depending  upon 
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it  in  one  revolution.  The  bowls  of  the  treadles  of  the  ground  heald 
shafts  are  therefore  lifted  and  depressed  by  the  tappet  twice  each  revo- 
lution. As  the  functions  of  the  treadles  is 
to  cross  the  ground  warp  once  for  every 
two  picks  of  the  loom,  we  must  regulate 
their  lift  and  depression  accordingly. 

Following  the  rule  of  dividing  the  driver 
by  the  driven,  we  find  that  30,  the  number 
of  teeth  in  the  driving  pinion,  divided  by 
120,  the  number  of  teeth  on  the  driven 
tappet  wheel,  gives  one-fourth.  That  is  to 
say,  for  every  revolution  of  the  crank  shaft 
the  tappet  shaft  revolves  a  fourth,  or  one 
revolution  to  every  four  of  the  crank  shaft. 
As  the  tappets  give  two  lifts  to  every  re- 
volution, and  we  require  one  lift  to  every 
two  weft  shots,  the  case  is  completely  met. 
Being  set  at  opposite  angles,  the  tappet 
plates  raise  their  shafts  in  alternate  suc- 
cession. The  odd  threads  are  up  for  two 
picks,  then  the  even  threads;  both  are  de- 
pressed in  similar  order. 

Controlling  the  Pile  Warp.— We  have 
seen  the  pile-warp  bobbins  ranged  in  the 
frames,  from  the  point  of  view  of  the  de- 
signer ;  but  now  the  weaver's  interests  have 
to  be  considered.  To  weave  a  warp  pro- 
perly we  must  have  tension  upon  every  in- 
dividual thread,  and  such  as  will  let  off  the 
right  length  of  warp  at  the  right  moment. 
A  nice  balance  of  forces  is  grouped  around 
each  warp  bobbin  in  the  frames  (fig.  478). 
Under  the  rows  of  bobbins  hung  in  the 
frames,  thin  bars  of  wood  are  placed  at 
right  angles  with  the  wires,  which  press 
upon  the  peripheries  of  the  bobbins,  and 

retard  their  revolution,  aided  actively  by  the  small  pieces  of  metal  on 
the  bobbin  ends.  On  the  other  hand,  in  front  of  the  bobbins,  and  on 
the  threads  as  they  pass  to  the  guide  wires  in  the  frames,  small  weights 
are  hung,  shaped  like  metal  staples.     The  weights  are  so  adjusted  as 
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to  lend  assistance  to  any  draft  which  may  come  from  the  loom,  and 
yet  not  to  overcome  wholly  the  resistance  offered  by  the  wooden  bars. 
In  this  way  the  pile- warp  threads  yield  to  the  drag  of  the  wires,  and 
yet  maintain  sufficient  tension  for  the  beating  up  of  the  weft. 


mm 


nm 


Fig.  479. — Diagram  of  Brussels  Jacquard 

A,  Stationary  top-board.      B,  Harness  cords,     c,  Top-lifting  board.     D,  Needles  supported  in  frames  E  F.     G,  Si.x-sided 
cylinder,     h,  Striking-up  or  levelling  board.     1,  Guide  board,     j,  Bottom-lifting  board,     k.  Mails,     l,  Lingoes. 


Jacquard  Mounting. — Readers  of  these  volumes  must  already  be 
familiar  with  the  Jacquard  and  all  its  details;  the  special  features  of 
the  carpet  Jacquard  alone  remain  to  be  described  here  (fig.  479)- 
Having  no  griffe,  but  only  a  lifting  board,  no  hooks,  but  only  knots 
on  the  cords,  the  needles  of  this  Jacquard  act  directly,  and  the  board 
is  lifted  by  means  of  a  single  tappet  acting  through  an  ordinary  treadle 
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lever,  connecting  rods  and  levers  attached  to  the  Jacquard  ''head". 
Normally  the  cords  of  the  first  five  frames  are  in  the  open  holes  of 
the  lifting  board ;  when  a  cord  is  to  be  lifted  a  needle  is  acted  upon ; 
the  needle,  being  horizontal,  pushes  the  cord  laterally  and  into  the 
narrow  neck  of  the  hole  in  the  board,  causing  it  to  lift  by  the  knot 
with  the  board.  On  the  board  of  the  sixth  frame  the  relations  of 
cords  and  needles  are  reversed;  the  normal  condition  of  these  cords 
is  in  the  narrow  slits  in  the  lifting  board ;  the  push  of  the  needle  sends 
the  cords  out  of  gear  for  lifting.  Another  difference,  however,  must  be 
noted  before  this  can  seem  quite  clear.  There  is  one  needle  to  every 
odd  and  every  even  thread  in  the  five  frames;  but  the  farther  ends 
of  all  the  needles  are  linked  into  the  odd  and  even  threads  of  the 
sixth  frame.  The  effect  is  that  the  sixth  frame  is  operated  without 
any  special  provision  being  made  for  it. 

As  has  been  said,  a  single  tappet  operates  the  whole  lift  of  the 
Jacquard.  It  is  fixed  on  the  low  shaft,  which,  by  hypothesis,  per- 
forms one  revolution  to  two  of  the  crank  shaft.  The  tappet,  beino- 
plain  and  negative,  lifts  the  lever  for  one  pick,  holds  it  up  during  a 
pick,  and  then  lets  it  down,  fulfilling  the  condition  required  by  the 
rule  that  there  are  always  two  picks  to  every  lift  of  the  pile-warp 
ends. 

Bottom  Shed  and  Stuffers. — The  ground  warp  passes  every  alter- 
nate end  under  the  whole  body  of  the  pile  and  stuffer  warps.  It  is 
the  bottom,  or  comber,  board,  which  accomplishes  the  motion  neces- 
sary. All  the  heald  cords  of  the  Jacquard  are  knotted  above  the 
perforations  in  this  board,  and  the  stuffer  heald  shaft  is  joined  on  to 
it.  We  therefore  see  that,  when  the  comber  board  lifts,  all  the  pile- 
warp  ends,  together  with  the  stuffer  warp,  are  lifted  bodily.  The 
lift  is  done  by  an  eccentric  tappet  on  the  low  shaft,  acting  upon 
a.  vertical  shaft  extending  down  from  the  comber  board.  The  tappet 
revolves  on  the  low  shaft;  it  can  therefore  act  only  once  in  every  two 
picks,  and  this  is  precisely  what  is  wanted.  At  every  second  pick  the 
shuttle  passes  under  pile  warps  and  stuffer  warp;  at  every  second  pick 
one  of  the  ground  warp  ends  is  depressed ;  thus  a  shed  between  these 
two  parts  of  the  fabric  is  formed,  and  the  weft  pick  inserted. 

Drafting  the  Warps.— In  order  to  a  full  understanding  of  the 
Jacquard  and  heald-shaft  relations  and  operations  it  is  necessary  to 
show  the  drafting  of  the  whole  warp.  This  can  best  be  viewed  from 
the  reed,  or  sley,  which  is  the  gathering  point  of  all.  Suppose  a 
carpet  with  one  stuffer  warp  in  addition  to  ground  and  six  pile  warps. 
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then  we  would  have  nine  warp  ends  through  each  dent  of  the  reed. 
There  are  ten  needles  in  the  row  on  the  Jacquard.  The  order  of 
drafting  is  thus: — 

Dent  No.  i — 

thread  small  chain  throug-h  mail  of  heald  shaft  i 

,,        stufiFer                            ,,  ,,  3 
,,        from  frame  i  drawn  through  harness  cord  i 

2  >>  >>  3 

3  '  J  "  5 

4  m  ,,7 

5  >'  M  9 

6  ,,  ,,  II 


Dent  No.  2 — 

thread  small  chain  through  mail  of  heald  shaft  i 


staffer                             ,,  ,,  3 

from  frame  i  drawn  through  harness  cord  2 

,,              2  ,,  ,,4 

)}             3  »>  "            ^ 

,y                    4  )>  J)                  8 

,,             5  "  "          10 

6  ,,  ,,          12 


This  is  repeated  with  all  the  reed  dents,  odd  and  even  in  alternate 
order. 

To  complete  our  view  of  a  single  section  of  the  warp,  and  observe 
the  relations  of  ends  to  needles  through  the  medium  of  the  harness 
cords,  we  shall  attempt  another  small  table.  It  must  be  clearly  under- 
stood that  we  are  only  giving  one  section,  and  that  the  operation  is 
continued  into  higher  figures.  It  may  be  thought,  perhaps,  that 
some  of  these  details  ought  to  have  been  given  at  an  earlier  stage, 
and  for  the  guidance  of  the  card  stampers.  Anyone,  however,  who 
has  been  called  upon  to  explain  machines  so  intricately  involved  in 
all  the  parts  will  readily  perceive  the  difficulty  of  treating  the  subject 
so  as  to  bring  each  part  into  sequence  at  every  moment,  without 
continual  repetition  as  wearisome  as  it  is  wasteful  of  time  and  space. 

Needles  Controlling  Harness  Cords. — On  the  Jacquard  machine 
under  discussion  there  are  ten  needles  in  each  row,  and  these  control 
twelve  harness  cords.  The  numbers  of  the  needles  and  those  of  the 
harness  cords  do  not  correspond,  and  careful  observation  of  the  order 
in  the  following  table  is  necessary: — 
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Needle  No.  i  connects  harness  cords 

I 

and 

II 

,,     2       ,,         ,, 

2 

12 

3 

3 

II 

4 

5 

II 

5 

7 

n 

6 

9 

II 

7 

4 

12 

8 

6 

12 

9 

8 

12 

5)        10              ,,                 ,, 

10 

12 

Treating  each  row  of  needles  and  harness  cords  singly,  and  starting 
from  the  end  as  No.  i,  we  can  mount  the  whole  warp  in  that  order. 
Numbers  of  two  and  three  figures  seem  formidable;  but  if  translated 
into  units  they  lose  half  their  appearance  of  difficulty. 

Cards  and  Cylinders.— The  division  of  the  Jacquard  into  three  sets 
of  cylinders  does  not  alter  the  working  principle;  it  is  merely  an  addi- 
tional mechanical  detail,  requiring  ordinary  care.  Cards  are  punched 
and  laced  into  an  endless  chain,  as  directed,  and  hung  in  position 
upon  the  single  cylinder,  or  the  three  cylinders,  as  the  case  may  be. 

The  cylinders,  a  cross  section  of  which  is  hexagonal,  alternately 
impinge  upon  and  retreat  from  the  ends  of  the  needles,  and  at  every 
oscillation  revolve  one-sixth  of  a  turn  upon  their  axis,  bringing  round 
a  fresh  card.  The  turning  is  done  by  a  pair  of  hooks,  one  above 
and  one  below  the  cylinder,  held  by  a  simple  lever  on  a  loose  stud. 
It  is  the  to-and-fro  motion,  however,  which  is  the  more  important, 
and  this  is  effected  by  levers  actuated  by  the  same  tappet  as  governs 
the  lifting  board. 

The  motion  is  more  easily  traced  from  the  cylinder  than  from  the 
tappet  side.  From  the  end  of  the  cylinder  a  lever  extends  horizontally 
to  where  it  is  joined  at  its  end  by  a  small  vertical  lever,  coming  down 
from  the  end  of  another  lever  almost  parallel  with  what  may  be  called 
the  cylinder  shaft.  A  strong  spring  near  the  other  end  of  this  lever 
holds  it  in  one  position,  while  into  studs  on  its  side  another  lever 
works.  Looking  at  the  lower  end  of  this  lever  we  find  it  connected 
with  the  tappet  lever.  When  the  tappet  lever  lifts  and  causes  the 
lifting  board  to  rise,  the  slotted  lever  controlling  the  movements  of 
the  cylinder  also  rises;  it  impinges  against  the  studs  on  the  spring 
lever,  and  sends  the  lever  along,  making  the  elbow  lever  drive  the 
lever  of  the  cylinder  in  the  opposite  direction,  which  is,  of  course, 
away  from  the  needles.  With  the  descent  of  the  lifting  board  the 
cylinder  lever  also  lets  go,  with  the  result  that  the  springs  act  and 
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Fig.  480.— Tension  Weft-trap  in  Shuttle 

A,  Section  of  shuttle.  B,  Cop.  c,  Weft  thread,  d,  Brass  swivel 
through  the  eye  of  which  the  weft  thread  is  led.  E,  A  spring 
pressing  the  swivel  and  warp  against  the  pin  F. 


pull  the  lever  along,  causing  the  cylinder  to  return  to  the  ends  of  the 
needles.  As  we  see,  the  timing  of  the  two  motions  is  correct;  the 
cylinder  has  performed  its  function  upon  the  needles  before  the  lifting 
board  rises,  and  therefore  retreats,  to  return  when  the  lifting  board 
has  come  down  again.  It  turns  round  a  sixth  of  its  circumference, 
and  comes  back  with  a  fresh  card. 

Picking. — Brussels  carpets  are  strongly  bound,  but  the  wefting  is 
the  work  of  a  single  shuttle.  The  picking  mechanism  is  therefore 
of  the  simplest  character.  Held  freely  on  a  stud  in  a  casting  on 
the  rocking  shaft  of  the  loom,  the  picking  arm  enters  a  slot  in  the 
bottom  of  the  shuttle  box.     A  picker  is  put  on  the  top  of  the  arm, 

like  the  head  of  a  hammer. 
From  the  picking  arm  a 
strong  leather  strap  extends 
to  the  end  of  a  bent  spring, 
and  is  bolted  to  it.  A  short 
rod,  with  a  spiral  spring 
attached,  controls  the  bent 
spring,  and  from  this  rod  a 
small  lever  projects  at  right 
angles.  The  arrangement  is  such  that  if  the  small  lever  is  struck 
downwards  the  short  rod  will  partly  revolve  and  pull  against  its  spiral 
spring,  bringing  the  bent  lever  and  the  picking  strap  into  play.  The 
agent  of  this  action  is  the  nose  of  the  picking  tappet  which  is  fixed 
on  the  low  shaft  of  the  loom.  When  the  low  shaft  revolves,  the  nose 
of  the  tappet  strikes  down  the  small  lever,  causing  the  short  shaft  to 
turn  halfway  round.  In  turning,  the  shaft  draws  back  the  bent  spring, 
which  pulls  the  strap  bolted  to  it,  the  latter  imparting  motion  to  the 
picking  arm  and  picker,  driving  the  shuttle. 

Shuttle  and  Shuttle  Boxes. — Designed  to  carry  a  heavy  thread, 
the  shuttle  of  the  carpet  loom  is  large  and  strong.  Held  by  the 
fittings  of  the  shuttle  inside,  the  cop  is  wound  as  a  hollow  cone, 
and  unwinds  from  the  inside. 

The  shuttle  box  itself  is  very  simple,  being  merely  a  long  box 
made  on  the  end  of  the  shuttle  race,  with  three  sides,  and  a  slot  in 
the  bottom  for  the  picking  arm. 

Weft-trap  Tension. — Heavy  as  the  shuttle  is,  it  does  not  always 
impart  that  degree  of  tension  to  the  weft  which  is  necessary  for  the 
strong  fabric.  Several  devices  have  been  contrived  to  obtain  the 
required  tension,   and   the  best  yet  made   is  that  known  as  the  isoeft 
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trap.  This  appliance  is  within  the  shuttle  itself.  Between  the  eye 
of  the  shuttle  and  the  end  of  the  cop  a  small  rod  is  fixed  over  the 
passage  of  the  weft;  on  the  other  side  a  spring  lever  presses  the 
weft  elastically  against  the  rod.  The  spring  lever  and  the  rod  between 
them  hold  back  the  weft,  but  yield  to  the  drag  of  the  shuttle,  giving 
out  the  weft  in  a  tensioned  condition. 

Wire  Motions. — Plush  fabrics  are  looped  up  by  wires,  and  the 
Brussels  carpet  is  no  exception.  On  the  contrary,  so  important  is 
the  looping  operation  that  much  ingenuity  has  been  expended  in 
trying  to  devise  an  ideal  automatic  wire  motion  which  will  insert 
and  take  out  the  wires.  Because  common  to  all  plush  looms,  these 
motions  have  been  exhaustively  dealt  with  in  our  section  on  the 
loom.  For  a  full  account  of  the  wire  motions,  therefore,  the  student 
must  turn  to  Part  IV.  Three  motions  are  in  common  use.  The 
oldest  is  the  ■wire  cylinder,  which  carries  the  wires  in  grooves,  and 
employs  a  hook  arrangement  for  drawing  them  out.  The  next  is 
known  as  the  rope-and-piilley  "wire  mechanism,  the  chief  feature  of 
which  is  the  reciprocating  rope  pulley,  which  imparts  the  to-and-fro 
movement  to  the  instrument  which  inserts  and  withdraws  the  wires. 
Next  is  the  high-wire  or  cradle  system,  which  seems  to  us  to  be  the 
most  suitable  for  this  kind  of  fabric,  and  most  nearly  automatic. 
The  point  to  be  noted  here  is  that  whatever  system  may  be  employed 
the  wire  is  inserted  once  in  every  two  picks.  At  one  time  it  was 
thought  necessary  for  several  wires  to  remain  in  the  carpet,  and  that 
the  withdrawal  should  only  take  place  after  at  least  three  wires  had 
been  inserted.  That  is,  three  wires  were  to  be  in  the  fabric  at  one 
time.  But  experience  has  shown  that  there  is  no  risk  of  the  loops 
being  drawn  out  after  the  second  pair  of  double  shots  have  been  put 
in.     The  wire  motions  have  been  much  simplified  in  consequence. 

Beating-up. — Driven  by  the  crank  shaft  of  the  loom,  the  going 
part  beat-up  is  double.  First,  the  sley  comes  up  against  the  fell,  to 
drive  home  the  wire,  which,  in  this  sense,  is  a  weft  shot;  second, 
the  weft  pick  is  beaten  up.  The  double  beat  is  effected  by  a  com- 
pound crank  motion.  A  jointed  lever  pinned  to  the  ear  of  the  sword 
extends  across  to  a  movable  shaft  held  in  the  frame,  the  joint  being 
midway  between.  An  arm  of  the  lever  coming  from  the  crank  shaft 
is  pinned  into  the  joint,  and  this  arm  has  its  jointed  upper  part 
joined  to  the  crank.  What  may  be  called  the  upper  arm  of  the 
double  lever  describes  a  true  circle  with  the  revolution  of  the  crank 
shaft;  but  the  motion  of  the  forearm,  which  is  fastened  to  the  jointed 
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lever  connected  with  the  sword  of  the  going  part,  is  eccentric,  drawing 
down  and  lifting  up  the  jointed  lever.  At  the  centre  of  the  bottom 
turn  of  the  crank,  with  its  short  arm,  the  levers  controlling  the  sword 
are  bent  at  an  angle,  and  consequently  hold  the  going  part  back 
from  the  fell  of  the  carpet;  when  halfway  round  towards  the  front  of 
the  loom,  the  crank  causes  the  arm  to  straighten  the  levers,  and  sends 
the  going  part  against  the  fell;  at  the  middle  of  its  upper  traverse 
the  crank  again  bends  the  jointed  levers,  and  imparts  a  retreating 
motion  to  the  sley;  as  the  crank  moves  round  again  to  the  horizontal, 
it  straightens   the   levers    once  more   and    beats   the  sley  against  the 


Fig.  481. — Brake  on  Letting-off  Wheel  of  Brussels  Loom 

A,  Warp  beam,     b,  Flange  for  supporting  warp,     c,  Twitch-rope,  taking  once  or  more  round  the  pulley  d. 
E,  Brake  lever  weighted  at  f  f. 


fell.  Thus,  in  a  single  revolution  of  the  crank  shaft  we  obtain  two 
beats. 

Letting-off  the  Warps. — We  have  seen  the  adjustments  which 
condition  the  letting-off  of  the  pile  warp.  We  need  not  trouble  about 
the  stuffer  warps;  they  are  easily  managed  by  the  common  twitch 
rope  and  weight  appliances.  Ground  warp,  or  small  chain,  however, 
demands  special  attention.  When  we  consider  the  length  of  ground 
warp  consumed,  and  the  tension  which  must  be  put  upon  it,  the 
problem  of  letting-off  assumes  a  serious  aspect. 

There  have  been  various  appliances  devised  for  the  letting-off  and 
tensioning  of  the  ground  warp;  but  the  one  which  admittedly  gives 
the  most  satisfactory  results  is  a  rather  complicated  arrangement, 
which  is  a  combination  of  several  of  the  common  letting-off  appli- 
ances in  one.  Taken  in  detail  the  mechanism  is  simple  enough, 
though  the  parts  are  numerous  (fig.  482).     We  have  space  for  only  a 
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general  description  of  the  motion.  Attached  to  the  end  of  the  warp 
beam  is  a  worm  wheel  which  works  into  a  worm  shaft,  operated, 
through  a  series  of  springs  and  levers,  by  the  lift  of  the  heald  shafts; 
in  this  manner  the  heald  shafts  supply  the  motive  power  which  brings 
out  the  required  length  of  ground  warp  for  each  shed.     On  the  other 


Fig.  482.— Small  Chain  Let-oif  Motion 

A,  Warp  beam.  B,  Warp,  which  passes  behind  a  steel  shaft  c,  over  the  back  rest  D,  to  the  mail  at  E.  F  is 
a  weight  tending  to  draw  down  the  arm  G  of  an  L-shaped  lever  attached  to  the  back  rest  D,  and  rocking  on 
the  same  shaft  h,  and  thus  to  put  tension  on  the  warp  threads ;  but  this  tendency  is  modified  by  the  brake  l 
attached  to  the  loom  frame  at  J  and  to  the  slay  at  K.  The  brake  is  lined  with  leather  and  placed  on  a  semi- 
pulley  M  attached  to  the  back  rest  D.  The  upper  arm  of  the  lever  G  draws  a  slotted  rod  N  called  the  regulator, 
and  by  means  of  the  stud  o  regulates  the  extent  of  vibration  of  the  lever  p  which  turns  freely  on  the  upright 
shaft  Q.  Affixed  to  this  shaft  is  a  ratchet  wheel  R,  with  which  a  pawl  s,  attached  to  the  opposite  end  of  p,  is 
kept  in  contact  by  a  spring  T.  Motion  is  given  to  P  at  every  stroke  of  the  sley  by  means  of  a  finger  u  on  the 
rod  V  attached  to  a  lever  w  on  the  rocking  shaft  x,  causing  the  part  s  to  turn  the  ratchet  wheel  R  and  with  it 
the  shaft  q  and  the  worm  Y,  which  works  in  a  toothed  wheel  on  the  beam  A  and  controls  the  letting-off  of  the 
warp.     The  length  of  the  return  stroke  is  regulated  by  the  position  of  the  stud  o  in  the  slot  of  the  regulator  N. 

hand,  the  letting-off  is  regulated  by  another  set  of  appliances.  The 
warp  passes  round  a  steel  guide  rod  and  over  a  two-armed  rest,  the 
upper  arm  of  which  holds  the  regulator,  an  adjustable  rod  connected 
with  the  parts  aforesaid.  The  other  arm  of  the  rest  extends  back- 
wards, and  is  governed  by  strong  springs  and  a  heavy  weight  on 
the  end  of  a  long  rod.  When  the  warp  tilts  forward  to  the  drag  of 
the  shed,  these   appliances   both    balance  it   and  bring  it  back  when 
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the  forward  pressure  is  removed.  Combined  with  these  a  powerful 
brake  also  operates.  It  practically  encloses  the  whole  of  the  back 
part  of  the  letting-off  mechanism.  At  every  forward  beat  of  the  slay, 
the  slay-sword,  which  is  attached  to  one  end  of  the  brake,  tightens 
it,  thus  holding  all  the  warp  appliances  rigid  for  the  beat-up  of  the 
weft.  The  whole  apparatus  works  in  harmony,  and  makes  a  firm 
and  compact  carpet. 

Starting,  Taking-up,   and   Stop   Motions. — Setting-on,   taking-up, 


Fig.  483. — Stop  Motions  of  Brussels  Carpet  Loom 

A,  Portion  of  sword,  b,  Stop  rod.  c,  Small  lever,  d,  Shuttle-box  swell,  e,  Lay.  F,  Frog,  which  with 
its  hammer  G  slides  on  the  casting  H.  When  the  shuttle  is  not  boxed,  the  swell  spring  D  permits  the  lever  c 
to  fall  in  and  its  lower  end  strikes  sharply  on  F,  forcing  the  hammer  G  against  the  spring  lever  I  until  it  comes 
in  contact  with  the  pin  K  and  slightly  rotates  the  shaft  L,  which  by  means  of  an  arm  not  shown  dislodges 
the  setting-on  lever  from  its  notch.  The  weft  fork  is  shown  at  o.  By  means  of  the  cord  M  and  the  levers 
shown,  the  fork  is  lifted  as  the  slay  recedes  so  that  the  shuttle  may  pass  beneath  it.  As  the  slay  returns  to 
beat  up,  the  fork  falls  on  the  weft,  tightening  it ;  but  if  the  weft  thread  is  broken  it  falls  farther  and  presses 
against  the  end  of  the  rod  N,  thus  rotating  L  and  stopping  the  loom. 


and  stop  motions  on  the  carpet  loom  differ  in  no  particular  from 
those  generally  used  on  all  large  power  looms.  The  take-up  is  oper- 
ated on  the  worm-shaft  principle,  and  can  be  more  easily  regulated 
than  on  finer  looms.  Every  loop  made  adds  its  length  to  the 
carpet.  Taking  advantage  of  this  fact,  the  builders  of  carpet  looms 
simply  make  the  teeth  of  the  wheel  governing  the  worm  wheel  the 
size  of  the  loop,  and  so  the  take-up  is  exactly  proportioned  to  actual 
requirement. 


a.     w     K 
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Over  the  fast  pulley  a  brake  arrangement  is  placed,  and  it  is 
directly  connected  with  the  starting  handle.  When  the  handle,  which 
moves  the  belt  fork  from  the  loose  to  the  fast  pulley,  is  moved  into 
the  ''on"  slot,  the  brake  is  taken  oif;  when  it  is  brought  back,  the 
brake  is  put  on. 

Closely  connected  with  the  setting-on  and  brake  motions,  the  stop 
motion  originates  in  the  shuttle  box  and  levers  adjoining  it  (fig.  483). 
When  the  shuttle  is  not  driven  home,  the  appliance  called  the  swell 
fails  to  act.  Because  its  function  is  to  thrust  back  into  place  and  out 
of  touch  the  levers  connected  with  the  belt  fork,  when  it  fails,  the 
levers  act,  and  throw  the  belt  off  the  fast  pulley,  and  bring  on  the 
brake.  Similarly,  the  weft  fork  acts  on  the  knocking-off  levers,  when 
the  weft  fails.  Held  up  by  the  passage  of  the  weft,  the  fork  moves 
up  and  down,  never  touching  the  rod  joined  to  the  end  of  the  lever 
controlling  the  stop  motion ;  but  when  the  weft  breaks,  the  fork  sinks 
and  strikes  against  the  rod,  which  in  turn  acts  upon  the  mechanisms 
of  the  stop  motion. 

Study  of  the  Carpet  Loom. — In  order  that  the  weaver  may  intelli- 
gently operate  the  mass  of  machinery  we  have  so  briefly  sketched, 
he  must  take  pains  to  learn  each  detail.  Taken  in  the  mass,  the 
task  seems  rather  discouraging;  but  the  plan  we  have  adopted  in 
this  work  has  been  specially  framed  to  render  understanding  of  any 
and  every  weaving  appliance  easy.  Remote  as  it  may  seem,  the 
common  hand  loom  should  first  be  thoroughly  understood ;  from  the 
hand  loom  to  the  ordinary  power  loom  is  but  a  short  step;  but  there 
we  have  many  of  the  motions  operated  by  hand,  foot,  or  mere  adjust- 
ment of  levers  and  weights,  giving  positive  motion.  Then  the  warp- 
shedding  tappets  and  other  appliances  naturally  come  into  view. 
Next,  the  dobby,  then  the  Jacquard.  Letting-off,  taking-on,  and  stop 
motions  gradually  develop,  and  at  last  the  most  complex  of  looms 
takes  on  the  aspect  of  an  old  friend,  with  only  a  few  additional  pieces 
of  clothing  not  difficult  to  understand. 

Wilton  Carpets. —  Directly  derived  from  the  Brussels,  the  Wilton 
carpet  has  developed  so  far  on  its  own  lines  as  to  form  a  distinct 
class.  We  commonly  hear  it  said  that  a  Wilton  carpet  differs  from 
a  Brussels  in  that  the  pile  is  cut.  From  this  the  inference  seems 
to  be,  that  if  you  cut  the  loops  of  a  Brussels  you  obtain  a  Wilton. 
Nothing  of  the  kind;  by  cutting  the  loops  you  would  spoil  the 
Brussels,  and  have  nothing  like  a  Wilton.  Let  us  define  the  actual 
facts.      Taking   similarities   first,    we    note   that    both    carpets    can    be 
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woven  on  the  same  loom,  that  they  are  both  pile-warp  structures 
and  may  be  made  from  the  same  materials,  that  the  frames  are 
built  up  in  the  same  fashion,  that  ground  warp  and  weft  are  similar, 
and  that  all  we  have  said  about  the  backing  and  other  warps  of 
Brussels  may  be  applied  to  Wilton  carpets. 

The  differences  are  fewer,  but  not  less  important.  The  pile  of 
the  Wilton  carpet  is  longer;    it  is  cut;   the  pile  warp  is  bound  more 

firmly,  there  being  three 

ifnrr"iinriririinrr     »     shots  of  weft  to  one  wire. 

The  wires  of  the  Wilton 
carpet  are  oval   in  form, 
and    have   a   sharp    knife 
Fig.  484.— Section  of  Wilton  Carpet  Qu  their  cnds.     Thc  oval 

A  A,  Small  chain.      b,  Pile  warp.       c.  Staffer  warp.  shape   of  the   wirCS    makeS 

the  pile  longer  than  the 
round  Brussels  wires,  and  affords  a  sort  of  channel  for  the  cutting 
knives. 

Modifications  of  the  Loom. — Small  as  the  number  of  differences  is, 
the  loom  requires  to  be  modified  in  these  particulars:  i,  shedding  of 
ground  chain;  2,  shedding  of  pile  warp;  3,  timing  of  pick;  4,  insertion 
and  withdrawing  of  wires ;  5,  the  take-up. 

1.  Shedding  of  Ground  Chain. — On  the  Brussels  loom  the  positive 
tappets  are  shaped  to  produce  a  change  every  two  picks ;  on  this  loom 
we  require  tappets  and  shedding  mechanism  which  will  reduce  the 
motions  to  one  in  three  picks;  each  shed  must  be  lifted  three  and 
depressed  three.  In  calculating  the  tappets,  we  base  upon  the  fol- 
lowing particulars:  (i)  3  and  3  of  weave;  (2)  stroke  of  tappet,  3f  in.; 
(3)  dwell,  2\  picks;  (4)  diameter  of  anti-friction  bowl,  i^  in.;  length 
of  treadle,  32  in. ;  distance  between  fulcrum  and  centre  of  treadle 
bowl,   17  in. 

The  ratio  of  the  teeth  of  the  driving  to  the  driven  wheels  which 
govern  the  motions  of  the  tappets  must  be  changed.  If,  on  the 
Brussels  loom,  the  ratios  were  30  to  120,  the  ratios  on  the  Wilton 
must  be  made  20  to  130. 

2.  Shedding  of  Pile  Warp. — Similarly,  the  ratios  of  the  driving  and 
driven  wheels  which  impart  motion  to  the  lifting- board  tappet  must 
be  changed  in  like  proportion.  If  the  proportions  were  48  and  96 
teeth  respectively,  the  two  wheels  are  required  to  be  toothed  as  36  to 
108 — that  is,  exactly,   i   in  3  instead  of  i   in  2. 

To  construct  the  tappets  for  the  lifting  of  the  harness  board,  we 


BRUSSELS   AND   WILTON   CARPETS  199 

require  the  following  particulars:  (i)  plan  i  up  and  2  down;  (2)  lift 
of  tappet,  2  in.;  (3)  dwell,  three-fourths  of  a  pick;  (4)  time  of  change, 
one-fourth  of  a  pick. 

3.  Timing  of  the  Picks. — As  we  have  changed  the  relative  speeds 
of  the  low  or  tappet  shaft  and  the  crank  shaft,  the  timing  of  the 
picks  is  rather  complicated.  We  have  to  get  three  picks  where  for- 
merly we  got  two,  and  with  a  slower  shaft.  If  the  picking  took 
place  on  one  side  of  the  loom  only,  it  would  be  easy  to  solve  the 
problem.  Simply  put  as  many  tappets  as  there  are  picks,  and  the 
thing  is  done.  From  the  construction  of  the  mechanism  mostly  em- 
ployed it  seems  that  the  inventor  imagined  this  solution  first,  and 
then  discovered  his  mistake.  At  any  rate  the  first  change  is  the 
conversion  of  the  single  tappet  of  the  picking  arm  into  a  triple-nosed 
one.  But  the  problem  now  is,  to  produce  an  alternate  motion  on 
three  tappets.  The  solution  generally  accepted  is  the  regulation  of 
the  picking  arm  by  tappets.  These  tappets  are  fixed  on  the  tappet 
wheel,  just  behind  the  regular  tappets.  From  them  a  pair  of  treadles 
extend  to  levers  which  ultimately  act  on  the  short  shaft  we  have 
before  noted  as  the  agent  of  the  picking  arm.  The  effect  of  this  is 
to  remove  the  short  shaft,  with  its  picking  lever,  out  of  the  radius  of 
the  triple  tappets  once  in  three  alternately  on  each  side,  thus  effecting 
the  desired  end. 

4.  Insertion  and  Withdrawing  of  Wires. — The  principle  observed 
in  relation  to  the  shedding  of  the  warps  is  here  also.  The  tappet  is 
changed  in  form,  so  that  the  whole  movement  of  the  wire  mechanism, 
of  whatever  kind,  will  occupy  three  picks.  The  shape  of  the  tappet, 
of  course,  depends  upon  the  form  of  the  inserting  and  withdrawing 
appliances,   but  the  principle  of  construction  is  clear. 

5.  Take-up. — Working  three  shots  to  one  wire,  instead  of  two  shots, 
the  ratios  of  low  shaft  and  warp  motion  must  be  adjusted. 

Wilton  Design. — Most  patterns  for  Brussels  carpets  will  serve; 
but  some  precautions  are  to  be  observed.  The  pile  of  the  Wilton 
carpet  tends  towards  one  direction,  and  unless  the  strips  are  carefully 
adjusted  a  contradiction  will  appear  between  the  slope  of  the  one 
pile  and  the  other,  giving  the  whole  carpet  the  appearance  of  a 
badly  mown  lawn. 

Another  point  to  be  noted  is  the  different  textures  of  the  pile  and 
the  loop.  The  loop  gives  a  solid  point  of  colour,  while  the  cut  pile 
is  more  diffuse.  Certain  patterns,  which  would  show  up  clearly 
enough  in  the  looped  pile,  show  rather  indistinct  and  muddy  in  the 
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cut  pile.  On  the  other  hand,  designs  of  an  Oriental  character,  in- 
tended to  produce  the  effects  of  richness  and  harmony,  without 
strongly  defined  pattern,  show  better  on  the  cut  pile.  This  is  perhaps 
one  reason  why  Wilton  carpets  generally  rule  higher  in  class  and 
price  than  the  Brussels  carpets. 
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